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INTRODUCTION 


Tuts book on Glaciers and Glaciation is the third of the 
series on Physical Geography intended for the middle and 
upper forms of Grammar Schools. Again illustration and 
explanation, with non-technical language, has been the aim, 
always remembering that one of the results of reading this 
book should be a better understanding of the changes that 
come from glaciation. The best way to learn this is to 
examine a district where ice action has been exceptionally 
intense, and where the story is dramatic and clear to see. 
If the processes are still going on in parts of the same area, 
so much the better. Scandinavia is ideal for these purposes 
and many of the examples have been taken from Norway 
and Sweden. 

After dealing with the working of glaciers and ice sheets, 
a chapter is devoted to an account of conditions that exist 
in areas near to, but beyond, actual glaciation. This is of first 
importance when considering the geography of southern- 
most England with all the effects that the periglacial 
climate had on the surface of the ground there. 

Very often a great vagueness exists regarding the sequence 
of events during the recent Ice Ages, and so the final chapter 
gives a rather full account of that period. The whole of 
Britain, Europe, Canada and the northern States have 
either actually been glaciated or been near to glacial 
conditions, and a general knowledge of what the effect on 
the land has been must necessarily be the foundation upon 
which a general geographical study of the areas can be built. 

As in the other books, Mr. Pierre Savoie has very carefully 
drawn the diagrams and maps from my rough sketches, and 
I must thank the following for permission to use their 
photographs: the Swiss National Tourist Office (pictures 
Nos. 10, 14, 24 and 39), the Trans-Antarctic Expedition 
(pictures Nos. 62, 74 and 75), and the Hulton Press Limited 
(picture No. 11). All the other photographs are the copyright 
of the author. 
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CHAPTER 
Ice 


NOW, ice, glaciers, ice sheets, icebergs. ‘The cold parts of 
the Earth’s surface. Not necessarily so very cold as we may 
at first imagine. At the height of the Ice Ages, it was no 

more than about ten degrees Fahrenheit cooler than it is today. 
The Ice Ages might truly be said to be still present in places like 
the Alps and Scandinavia—which are both very popular holiday 
areas. At the moment the area of ice in the world is about a 
third of what it was at the maximum of the most widespread 
glaciation. 


The Causes of Ice Ages 


Temperature determines whether or not a place will be covered 
by ice. It is necessary, of course, for snow to fall on the area, but 
the temperature controls the rate of thaw and this is more important 
than the rate of fall. 

Numerical measurements show that the average winter temper- 
ature of most of Europe and North America has risen by about 
two degrees Fahrenheit during the last seventy years. The rise 
has not been a steady one—there have been several warm and 
several cool spells within the seventy years. Direct surveys have 
proved quite clearly that glaciers shrink during the warmer times, 
although the amount of snowfall does not alter very greatly. 
Swiss glaciers now cover only about three-quarters the area they 
did seventy years ago. 

We naturally wonder what it is that causes these changes in 
temperature. We should first examine what we definitely know. 
We have already noted that temperatures have risen during the 
last seventy years, although with occasional set-backs, but on the 
other hand plant fossils seem to suggest that there has been a 
general lowering of temperature during the last seventy million 
years in Europe at least. 

During the last fifteen or so million years, earth-movements 
have raised mountain ranges by several thousand feet above their 
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previous level, and the average height of the land surface is more 
than doubled. The ocean depths must naturally have sunk a 
corresponding amount, for the volume of the Earth has not 
changed. The irregularities on its surface have merely become 
bigger. 

There are two ways of reaching a cold climate—either by going 
towards the Poles, or by climbing a high mountain. There is 
snow today at the Equator at 14,000 feet. Because the Earth 
was cooling, the snowline was coming down, and the land areas, 
especially the younger mountains like the Alps, the Himalayas, 
the Rockies and the Andes, were climbing up towards it. After 
they had met, the Ice Ages started. ; 

Both these changes continued on without much reversal, and 
so they could only produce a single ice age. As we shall see in 
the last chapter, what has actually occurred during the last half 
million years is in fact a succession of four or five ice ages with 
periods in between that were generally as warm as, or even warmer 
than, the present. Something more then is required to explain 
these irregular, alternating effects. 

The whole Earth cools and warms. This must mean a variation 
in the quantity of heat reaching the surface. Probably the amount 
radiated by the sun changes, but exact measurements have not 
yet been made over a sufficiently long number of years to enable 
us to be very definite about this. The quantity of heat received 
does certainly vary from one year to the next by a small amount. 
There is a certain rhythm in this, apparently connected with 
sunspots, but this only shows that a long-period variation is a 
possibility, and it goes no way at all towards telling us that it has 
actually taken place. 

At the moment, therefore, we have far too little knowledge to 
be very certain about the causes of the individual Ice Ages. 


From Snow to Ice 


Snow is ice in a very lacey, feathery form. As it lies on the 
ground in this condition it is three or four times as bulky as the 
water it would make if melted. Slowly the finest plumes of 
the crystal-points evaporate. Some of the vapour condenses again 
on the cores of the crystals, making them rather more solid. In 
this form it is known as “powder snow’’. 

This process continues, perhaps with a little actual thawing 


IO 


ICE 


and re-freezing. The texture of the snow gradually changes into 
something like a sponge. The separate crystals have mostly merged 
together, but there are still a great many air-channels, and these 
all communicate with one another in just the same way as do the 
channels in an ordinary sponge. When it has reached this stage, 
it is known as “‘firn’’ or “‘névée’’, and because there is rather less 
air than at first, it is now just about half the weight of the same 
volume of water. This is the sort of condition you will find if 
snow has lain on the ground for some time. You will realize that 
it is no longer anything like the soft, fluffy material that fell during 
the snowstorm. 

The changes do not stop. The firn becomes more compact, 
perhaps aided by a certain amount of pressure from additional 
snow that may be now lying on the earlier fall. Liquid water, 
from slight thawing of the upper surfaces during the day-time, 
slowly flows through the air-channels in the firn. Some of this 
water freezes in these channels and chokes them up, so that we 
soon reach the stage when the material is no longer porous. It still 
contains a certain amount of air, but this is in the form of individual 
bubbles, separated from one another by ice instead of in the form 
of through-channels. At this stage it is first called “‘ice’’, and 
because of the mixture of air with it, it is white in colour. It is 
about four-fifths as heavy as water. 

If the white ice happens to form part of a glacier or an ice-sheet, 
the pressures on it either whilst it is forced along, or because of 
the weight of other snow and ice on top, gradually squeeze the 
remaining air out of it. It becomes fully formed “‘glacier ice’’, and 
is just about eleven-twelfths the weight of water. The whiteness 
has gone, and it has the true colour of pure, solid ice. It is a 
gloriously clear, clean-looking, pale sky-blue, ‘‘ice-blue’’, and to 
see this in bright mountain sunlight is to see one of the most 
beautiful colours in the world. 


Melting Temperature 


The temperature at which ice melts is 32 degrees Fahrenheit. 
That is when it is under atmospheric pressure. If the pressure 
increases, it melts at a lower temperature. The pressure due to the 
weight of 700 feet of ice is sufficient to lower the melting-point 
by 4° F., and so if the ice in a glacier at this depth is to remain 
solid its temperature must be this much below 32° F. 


If 


GLACIERS AND GLACIATION 


It is only possible to slide and skate on ice because of this effect, 
which is called “regelation”. The additional pressure of your 
weight is sufficient to melt the ice beneath you, without raising 
its temperature. There is a thin film of water between your foot 
or skate and the ice, and this acts as a lubricant and enables you 
to slide or glide along. The water freezes again just as soon as you 
remove the pressure. 

Anyone who walks on snow on a rough path partially melts it 
at each stride. The water falls into the crevices of the path, it 
freezes again as he continues his. walk, and so a footprint of ice is 
left securely anchored to the path by little teeth of ice extending 
into every little hole in its surface. That is why it is so difficult to 
sweep the snow away after people have walked on it. 


Moving Ice 

Exactly the same kind of thing happens in a glacier when the 
ice tries to move downhill. All kinds of pressures are set up when it 
approaches a bend in the valley or a narrow part. ‘These pressures 
cause temporary thawing of thin films within the glacier, so that 
the ice on the two sides of the thaw can slide on itself and behave 
for the time being as though it were no longer one piece. When 
the pressure is removed, the ice freezes together again. 

It is also known that ice which is 200 feet or more down below 
the surface is not the hard, brittle substance to which we are 
accustomed. The total pressure is now more than six atmospheres 
and the ice becomes a semi-plastic or slightly flexible substance, 
somewhere between a liquid and a rigid solid. It is fairly easy for 
it to “flow” under these conditions. Laboratory experiments have 
proved this, and the ice at the end of a glacier generally shows 
that it has been bent in all sorts of ways that would be quite 
impossible whilst it was brittle. 

The movement of a glacier is produced by the fact that the 
valley slopes downhill, but unlike a river, its stiffness enables it 
to move uphill for short distances by being pushed from behind, 
in the same way as a train may have the engine at the rear. Glacicrs 
can therefore ride over rock barriers two or three hundred feet in 
height, as we shall sec in Chapter III. 

Ice sheets gradually move outwards in very much the samc way 
as a poo} of thick cream gradually spreads in an ever-widening 
circle on a perfectly level table. The weight of the accumulation 
at the centre drives the edges outwards. 
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The rate of movement is very variable indeed. The centre of a 
glacier moves faster than the sides or bottom, because the latter 
are slowed down by rubbing on the rock sides and floor of the 
valley. Some glaciers move inches a year, a few at a hundred fect 
a week, but a good average figure to think of is probably about a 
foot a day. Ice sheets move very much more slowly, and perhaps 
it might be correct to say that the faster parts only move a very 
few feet a year, whilst the centre of the sheet searcely moves 
outwards at all. 


CHAPTER II 


The Head of a Glacier 


HEN a patch of snow on the mountain-side lasts through- 

\ x / out the year and never melts completely away, it greatly 
encourages the weathering process known as freeze-thaw 

(see Rivers and Valleys, Chapter I1). The snow becomes firn, and 
when some of it thaws during a warm day the meltwater finds its 
way into all the crevices in the rocks on which it lies. As it freezes 
at night, it expands and so gradually wedges out pieces of rock 
and breaks them up. This especially happens near the edges of 
patches of firn, and so the shallow hollow, which had first caused 
the snow to collect, gradually becomes deeper and its sides are 
steepened. This process is known as “‘nivation”’ (see diagram No. 1). 





Nivation hollow Cirque 


1. A hollow on the mountain-side deepens by freeze-thaw 


If the area of firn becomes deeper, some of it turns to ice and 
a tiny ice sheet comes into existence. It may continue to grow. 
The weight of the ice then becomes sufficient for a sliding movement 
to occur. A small glacier has been formed and the broken material 
is transported away whilst the freeze-thaw action continues on the 
back and side walls. It very often happens that thaw and freeze 
causes the ice to become anchored firmly to the walls of rock, 
and so when the ice moves away a powerful plucking action occurs. 
By now the hollow has become much deeper and the ice on the 
main part of the floor is sliding across the surface of the rock. 
A dragging, grinding action occurs at this part. 
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2. Cwm Idwal in Snowdonia 


3. The cirque in Knocklaur, co. Galway 
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The semi-circular hollow that has been created in the mountain- 
side in this way is called a ‘‘cirque” in France, “cwm”’ in Wales, 
or ‘“‘corrie”’ in Scotland. There is no English word for the feature 
and all three names are used equally often. Diagram No. 1 shows 
five stages in the formation of a cirque in this way. 


Cirques 


The back wall is always very steep and often high. The back 
of Cwm Idwal (picture No. 2) is a precipice of nearly 2,000 feet, 
which is more than half the total height of the mountain. Picture 
No. 3 shows a cirque in the side of a mountain in the northern 
part of co. Galway. To sec it as it was immediately after the 
glacier melted away, we must remove all the loose scree. ‘This has 
come into existence in post-glacial times by freeze-thaw action on 
the exposed rock walls of the cirque. 

Naturally a cirque forms at the upper end of a river valley that 
existed in pre-glacial times. The ice which moves away from such 
a cirque becomes the main valley glacier. It gains additional snow 
from avalanches from all sides, and additional ice from tributaries. 
It is then a large, fully-formed glacier. Glaciers tend to become 
very large quite near to their sources, and because the erosive 
power of ice largely depends upon its weight, the long-profile of 
the old river valley becomes altered to the new shape shown in 
diagram No. 4. Whilst the source is greatly deepened, the part of 


4. A river profile is altered by a glacier 
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valley head 
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Down-at-heel effect 


THE HEAD OF A GLACIER 





5. The head of the Great Langdale valley, Westmorland 


the valley where the ice is thickest is eroded most. At the same 
time the lower part of the valley, where the icc is gradually be- 
coming less in quantity because of melting, is eroded much less, 
and, naturally, glacial erosion stops completely at the snout. 

The total result of this is that the rock floor under the glacier 
tends to be inclined uphill as we go down-valley from the point 
of maximum ice. This produces a kind of ‘“down-at-heel” effect. 
The profile shown in diagram No. 4 refers to the whole length of 
the glacier. Various irregularities occur along it, but these will be 
discussed in the next chapter. The up-valley end is a true cirque, 
although it is often referred to as a “‘valley-head”. Picture No. 5 
shows Mickleden, the head of Great Langdale valley, and No. 6 
is a similar photograph of the head of Buttermere. The glaciers 
started from these steep walls and moved away from them down 
the valley. 


Perched Cirques 


When the firn patch forms in a hollow in the side, instead of 


17 


GLACIERS AND GLACIATION 





6. Buttermere, Cumberland 


at the end, of a main valley, it leads to a cirque which contains 
only a very short glacier, tributary to the main one. The quantity 
of ice in this is very much less than in the valley itself, and so the 
floor of the latter is deepened by the grinding action of the glacial 
erosion much farther than is the floor of the tributary. 

When eventually the ice all melts away, we are left with a 
semi-circular hollow in the valley-side with its floor some way up 
above the main floor level (see diagram No. 7). A cirque of this 
kind is formed in exactly the same way as the main, valley-head 
type of cirque. The only difference is that its glacier was smaller 
than the main one, and so did not erode so deeply. It should be 
termed a “‘perched” or “‘hanging”’ cirque. It has the appearance 
of a giant’s arm-chair, with high back and arms. The giant sits 
in the floor of the cirque, and his feet are in the bottom of the 
main valley. 

So long as the main glacier is present in its valley, the small 
tributary falls down on to it, but at the last stages, when much of 
the ice has melted away, the tributary becomes so short that its 
ice terminates at the lip of the perched cirque. This stage is shown 
in diagram No. 8. The rock, which the short glacier plucks from 
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Perched ‘cirque eS 





6. A cirque glacier 
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g. A lake fills the hollow in a cirque 


the back wall and erodes from the floor, is now dropped from the 
melting ice at the mouth of the cirque, and forms a terminal 
moraine (see Chapter IV). 

In addition, the thinning of the icc results in less erosion of the 
floor near the mouth. The same down-at-heel effect as occurs 
with a main glacier now occurs also with the tributary. 

When we examine a perched cirque from which the ice has 
completely melted away, we almost always find this rock hollow, 
which is made deeper still by the presence of the moraine across 
the mouth. Consequently, most cirques now have their floors 
partly occupied by “cirque lakes’. Picture No. g of a cirque a 
few miles north-west of Ffestiniog in Merionethshire is an 
cxample. The steep back and side walls, the rock barrier across 
the mouth of the cwm, and the lake occupying the hollow, all 
show clearly. This, and Easedale Tarn, which occupies a similar 


type of hollow, have already been described on page 84 of Rivers 
and Valleys. 
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10. Twin cirques on the Gornegrat, cast of Zermatt, Switzerland 


rr. Striding Edge, an aréte between two cirques 
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12, Cirques eat away at a mountain mass 










13. The ridges and cwms (= cirques) of Snowdon 
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Arétes 


Naturally a mountain-side gives rise to a number of these cirques 
when it is being glaciated. This occurs on the Gornergrat (see 
picture No. 10). The glaciers forming in the two cirques are so near 
to one another that only a narrow ridge of rock is Icft between. 
This is known as an “‘aréte’’. Striding Edge, on the eastern side of 
Helvellyn (picture No. 11), shows the appearance after the ice has 
melted away. On the left is Red Tarn, still with its cirque lake, 
and Nethermost Cove is on the right beyond the aréte. Both these 
are cirques. 

A mountain which in pre-glacial times was a great rounded, 
full-bodied mass, can become reduced to a mere fragment of its 
original bulk by the production of a large number of cirques. 
Diagram No. 12 shows this change in four stages. The great pile 
of Snowdon has been reduced to something whose map has a very 
spidery look. Diagram No. 13 shows the ridges which are all that 


14. The Matterhorn on the Swiss-Italian frontier 
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remain of the one-time “solid” mountain. Before the glaciation, 
the deep cwms did not exist. There would be only short, very much 
smaller, V-shaped river valleys starting at springs in the mountain- 
side. Glaciers began in all these hollows and enlarged them to the 
size they are now. 

The presence of all these various cwms with the ridges between 
them makes the district very attractive, not only from the scenic 
point of view, but also because of the large number of rock climbs 
that can be found up the arétes and the back walls. 

When cirques occur on opposite sides of a mountain, their back 
walls often approach so near to one another that the whole 
mountain is reduced to a mere ridge. The crest-line becomes very 
irregular and in the extreme case all that is left is a great pointed 
peak or “‘horn’’, such as is the case with the Matterhorn (14,780 
feet), seen in picture No. 14. This particular mountain is so 
striking in this manner, that whenever a similar horn-shaped 
peak is described, it is referred to as a ‘‘Matterhorn type’’ of summit. 


CHAPTER III 


The Course of a Glacier 


HE best known effect on the scenery resulting from glacia- 

tion is the U-shaped valley. This is the most obvious and 

dramatic result. Of course, the U-shape only becomes a 
valley after the ice has melted away, for during the ice period, it 
forms the bed and banks of the glacier. It is, then, U-shaped in 
much the same way as are the bed and banks of a straight river. 


U-shaped Valleys 


The Great Langdale valley in the Lake District is a well-known 
valley of this kind (see diagram No. 15 and picture No. 16). Very 


‘River trenc 
rough barrier 





15. The Great Langdale valley, Westmorland 


little of the solid rock side is seen in this photograph, but it does 
outcrop just below the 1,500-foot contour as is shown in the key, 
diagram No. 17. These crags, and others farther up-valley, are a 
favourite ground for rock climbers. The lower parts of the sides of 
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16, Langdale Pikes and the Great Langdale valley 


the U are covered over by falls of broken rock which have built up 
great slopes of screes on both sides. 

There was a river valley here before the glaciation. Portions of 
the sides of the V of this valley still remain as the rather gentler 
slopes of the upper part of the mountain about 1,500 feet. They 
have been only slightly altered by freeze-thaw and other weathering 
during and since the Ice Ages (see diagram No. 18, A). 

The glacier adopted the valley that already existed, deepened it 
by its dragging and bull-dozing action and so formed the U shape, 
as seen in diagram No. 18, B). Whilst the glacier was present, the 
U portion was filled with ice up to the level indicated, and so the 
nearly vertical rock side-walls were supported by the fact that it 
was rock-ice-rock across the valley. 

When, however, the ice at last melted away, it was rock-air-rock 
(see diagram No. 19, C), and the steep sides of the U, no longer 
supported, partly collapsed and nearly choked the valley with 
scree. Most of this scree fell quite soon after the passing of the ice, 
but present-day freeze-thaw action does occasionally add a little 
more to it. The screes are quite striking features of the Langdale 
valley. They are mostly covered with pasture and are sufficiently 
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Floor of drained lake 
(300 feet 0.D.) 





17. Key diagram to picture No. 16 


18. The change from a V- to a U-shaped valley 
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19. A U-shaped valley when the glacier melts away 


stationary to make it safe to build the road and most of the farm- 
steads on them. 

There is a fourth surface in this valley, the flat floor (see diagram 
No. 19, D). Immediately after the melting of the icc, this portion 
of the valley became flooded with water and formed a lake. 
Pebbles, sand and mud fell to the bottom of this lake and created 
the level area of the centre of picture No. 16, which became visible 
after the lake had drained itself away. This is referred to again on 
page 9. 

Most other glaciated valleys show these same features. Slondals- 
dalen in Norway just south of Myrdal on the Bergen-Oslo railway 
is seen in picture No. 20, and shows the side of the pre-glacial river 
valley, the side of the glacial U-valley, and the post-glacial screc. 
The lake is still in existence. 

Kirkstone Pass (picture No. 21) is completely choked with the 
screc and in the valley below we can see that Brothers Water was 
at one time considerably larger than it is today. Mabédal (see 
picture No. 22), just beyond the eastern end of Hardangerfjord, 
shows the three surfaces very clearly, although here there has been 
no lake. The vertical part of the U is about 2,000 fect in height, 


The Size of a Glacier 


In the case of the Langdale valley, the U is at least 1,200 feet 
deep (see diagram No. 17) and about 2,500 feet wide from solid 
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20. A typical glactated valley in Norway 


21. Sometimes scree completely chokes a valley 
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22, A very deep U-shaped valley 


rock to solid rock. This gives a cross-sectional area of about 3 million 
square feet for the glacier. If we suppose that it had an average 
velocity of ten feet a week, which is a possible kind of figure for a 
glacier in such a position, we have the result that nearly 30 million 
cubic feet of ice would pass any particular point each week. 

This seems to be a tremendous amount. At first many people 
wonder why glaciers are so bulky, but a simple calculation of what 
this volume means to a river soon shows that it is not so surprising 
a figure after all. 

Two miles an hour is perhaps quite a moderate speed to take for 
the present-day river that we see on the valley floor in picture 
No. 16. Two m.p.h. is 336 miles or 1? million feet per week, which 
is very different from the ro feet for the ice. If the cross-sectional 
area of the river is only 17 square feet, the river can account for 
go million cubic feet of water, which is rather more than 30 million 
cubic feet of ice. 

In other words, quite a slow river 17 feet wide and 1 foot deep, 
which is about the actual size of the Langdale valley river today, 
will dispose of as much volume as would a glacier that filled the 
valley up to the 1,500-foot contour level. 

We have no knowledge of the amount of snow falling in glacial 
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times and whether or not it was equivalent to the rain that falls 
today, but our calculations show that it is by no means unreasonable 
to suggest the large size for the glacier. 

If we had any remaining doubts we have only to look at glaciers 
that exist today, such as the Suphelle (pronounced: soo-pella), north 
of the Sognefjord (picture No. 23). This is very similar to the size 
that the Langdale glacier must have been, and it fills in the whole 
of its U shape, so that only the more gently sloping tops of the 
mountains show above the ice. In this photograph the fraction of 
mountain that is visible rises about 800 feet above the glacier and 
no one knows how deep is the ice. 


Spur Erosion 


Although a glacier is surprisingly flexible, and can turn fairly 
sharp corners (see diagram No. 15 and picture No. 24), yet it tends 
to remove any obstruction that projects from the side of the valley. 
So gradually it straightens its path. Any spurs which interfere with 
the direct flow of the glacier tend to be cut away, so that they 
become what is called “truncated”. There are a number of these 


23. A deeply crevassed glacier filling its U-shaped bed 
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in Kentmere, west of Kendal, as are seen in picture No. 25 and 
diagram No. 26. Beyond the rock barrier, in the cirque, is Kent- 
mere reservoir, an artificial restoration of the one-time natural 
cirque lake. 


The Long-profile 


The long-profile of a glacier differs completely from that of a 
river, as we have already seen (diagram No. 4). As it moves along 
its upper reaches, a glacier grows larger and larger, both by 
additional snow falling directly upon it, by fresh avalanches down 
its sides, and by union with tributary glaciers. 

All the time it is descending to lower levels, and probably to a 
warmer climate, Melting starts. There comes a point along the 
Jength of the glacicr beyond which loss by thaw is greater than the 
gain of icc. From this point onwards the glacier gradually becomes 
smaller. 

If, as we will suppose for the moment, the valley is the same 
width all the way, then the glacier thickens from its source to the 
balance point, and then slowly becomes thinner. This produces the 
down-at-heel profile that we discussed in the last chapter. 


Rock Barriers 


This profile belongs to an ideal glacier whose valley is supposed 
to be the same width all the way. This does not occur in reality, 
and whenever the valley narrows there is usually both a thickening 
and an increase in the speed of movement as the ice is forced 
through. To move the same quantity of ice past two particular 
points the threc measurements, width, depth and speed, must 
multiply together to make the same answer in both cases, so that 
if one, the width, becomes smaller, either or both of the other two 
must become larger. 

Thus there are changes in both depth and specd frorn point to 
point. The former alters the erosive power and so the slope of the 
rock bed alters. ““Rock barriers’’ result where there is little erosion. 
They are great, natural dams, stretching right across a glaciated 
valley. We have already seen one in picture No. 25. A well-known 
one blocks the valley between Grasmere and Rydal Water (see 
diagram No. 27), one crosses the north end of Nant Ffrancon, 
another crosses the Langdale valley at Chapel Sti > (see diagram 
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24. The Fiescher glacier in the Berner Alps, Switzerland 


GLACIERS AND GLACIATION 





25. Truncated spurs in the glaciated hentmere valley 


No. 15). Rock barriers are very common features of all glaciated 
valleys. 

Naturally they cannot be seen when the glacier itself is actually 
in the valley. They often rise between one and three hundred feet 
or even more above the level of the rock floor up- and down-valley 
of them. They are much more controlled by the erosive power of 
the glacier than by the strength of the rock, and do not particularly 
occur where the rock is more resistant to erosion. 

The rock barrier at the northern end of Loch Ness keeps the sea 
out and makes the loch a freshwater feature instead of a fjord. 
The barrier is approximately 800 feet above the level of the floor 
of the loch (barrier, 100 feet above sea-level; loch floor, 700 feet 
below). The fact that a glacier passed over this shows clearly that 
ice can be pushed up-hill to a remarkable extent. 

Naturally, as these barriers are complete dams, they lead to the 
formation of lakes on their up-valley sides when the glaciers melt 
away. The river draining out of one of these lakes flows across the 
barrier at its lowest point and by erosion gradually cuts a trench 
through it. In time this becomes deep enough to drain the whole of 
the lake away. This has happened in many places and the flat, 
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26. hey diagram to picture No. 25 


silted floors of Langdale and Kentmere (see pictures Nos. 16 and 25) 
are only examples. Naturally, the river cannot cut the trench down 
below sea-level, so that a lake such as Loch Ness will never be 
completely drained in this way. 


27. The rock barrier between Grasmere and Rydal Water 
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Rock Hollows and Steps 


Besides barriers which result from points of reduced glacial 
crosion, it is possible to have the reverse effect —-reaches of increased 
crosion. This particularly occurs when two glaciers unite without 
much widening of the valley. Increased thickness then results ina 
‘rock hollow” or ‘rock basin”’ being cut and this is the case with 
many of the “finger lakes’ in glaciated mountain regions. 

Over-deepening of this kind produced the hollow that is the 
northern portion of Windermere where the glaciers from Langdale, 
Rydal, Stock Gill and Scandale joined together (see diagram No. 28). 
The shallowing at Bowness was caused bv the glacier dividing into 
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2g. A hanging valley 


three as shown on the map, and the southern hollow occurred 
where the glacier from Hawkshead added its weight to the remain- 
ing portion of the main Windermere glacier. 

Naturally, the existence of a rock hollow almost automatically 
implies the existence of a rock barrier at the down-valley end. 


30. The Sognefjord, drowned glaciated valleys 
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There is one further variation in the long profile of a single 
glacier, and this is a “‘rock step’’. ‘This is a sudden deepening of the 
floor without a barrier up- or down-valley of it. It can occur 
whenever increased erosion is continued for a considerable distance 
down-valley. 


Hanging Valleys 


“Hanging valleys” are related to rock steps. A hanging valley is 
formed when a weak glacier joins a strongly eroding one. In that 
case, the floor of the first glacier is not deepened so far as is the 
second, Although nothing is visible when the ice is present, yet, 
once it melts away, we find the two valley floors join one another 
at different levels. ‘The one with the higher floor is called a “hanging 
valley’. 

Picture No. 29 shows a hanging valley near Geiteryggen (pro- 
nounced: yett-er-ig-n), east of Aurlandsfjord (see diagram No. 30). 
The floor of the main valley lies across the bottom of the picture 
and the tributary valley comes in at a much higher level. The 
modern river, which has taken the place of the glaciers that used 
to occupy this area, now cascades from the hanging valley and is 
cutting a groove down the slope. Many British waterfalls occur at 
hanging-valley junctions. Lodore Falls, near Keswick, is an 
example. 

Picture No. 31 of the Sognefjord shows a hanging valley that is 
almost disguised. The tributary-valley floor is just a few feet above 
sea-level, but the bed of the fjord is several hundred feet below. 
Here we have a true hanging valley that is almost drowned. The 
same photograph shows, by the corner on the profile of the right- 
hand mountain, the limit of the surface of the glacier that once 
infilled this valley. 


Crevasses 


These irregularities in the slope of the rock floor and also in the 
width of the valley cause great stresses and strains in the ice. This 
is especially the case in the upper, brittle layers. Whenever there is 
a tension, the ice cracks open and crevasses are formed. Pictures 
Nos. 23 and 24 show the surface of a glacier with a large number 
of crevasses. They are both here approaching a steeper part of 
their valleys and as they are starting to move faster, the extra 
length has to be made up by air space. 
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31. A hanging-valley tributary to the Sognefjord 


32. Deep crevasses on the Suphelle glacier, Norway 
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Picture No. 32 gives an idea of the size of crevasses. This photo- 
graph was taken in the summer when a certain amount of thaw 
was occurring and so the square-cut corners of the cracks had 
become rounded off. 

Crevasses nearly always occur because the ice is under tension 
due to an increase in size in some direction. Cracks make their 
appearance when a glacier rounds a corner. They are also found at 
the sides even when it is moving straight. If a row of stones is placed 
in a straight line across the surface of a glacier from A to B as in 
diagram No. 33, they are all found in, say, a month later to have 





33. The centre of a glacier moves faster than the sides 


travelled down-valley, but the side ones have gone a shorter 
distance than those at the centre, where there is less friction. 

Because of this, the distance from D to E is considerably greater 
than the original distance A to CG between the same two stones. 
The ice cannot withstand this stretching and so crevasses appear 
across the line DE, Notice that the lengthening is always at right- 
angles to the direction of the crevasses. This tvpe of crevasse is 
seen clearly at the foot of picture No. 24. 
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As conditions change, crevasses very often close up and perhaps 
new ones open. The pattern is continually altering. ‘This adds to 
the excitement of crossing a glacicr—it is never the same as when 
you came before. The climbers seen in picture No. 32 are roped 
together for safety. It is very risky to walk on a glacier after a recent 
fall of snow. Then some of the crevasses are hidden under the white 
blanket, as seen in picture No. 34, and it is easy to fall through into 
the unsuspected cavities beneath. The crevasses you cannot see are 
the dangerous oncs. 

If the valley becomes very steep, the ice breaks into separate 
pieces, and we have an “‘ice-fall’”’. 





34. Recent snow covers part of Aongsnut glacier, Finse, Norway 


Frords 


Most coasts in mountainous districts that have been glaciated are 
famous for their fjords. The west coast of Scotland has fjords. 
Those of Norway, Alaska and British Columbia are all well-known. 
In the southern hemisphere examples are to be found in southern 
Chile and in South Island, New Zealand. Iceland, Greenland and 
most Arctic and Antarctic islands have fjord coasts also. 
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35. Naeroyfjord 


Picture No. 35 shows NaerGyfjord, a tributary of Sognefjord (see 
diagram No. 30). An accurately drawn profile across Aurlandsfjord 
is shown in diagram No. 36. This reveals the upper limit to which 
the thickness of the glacier reached. It was at 4,600 feet above the 
true valley floor. The same corner is seen very clearly in picture 
No. 35. The greatest depth of Sognefjord itself is just 4,000 feet 
below sea-level and at the same point it is clear that the ice top of 
the glacier reached to about 2,800 feet. This gives a glacial-cut 
trough nearly 7,000 feet in depth. 

Picture No. 37 shows Fjaerlandsfjord, viewed from 5,000 feet up 
the mountains to the north. Below in the foreground is a glacier on 
the left, a moraine across the middle, and on the right a small lake 
trapped by the ice. 

The fjords in Scotland are not quite so dramatic as in Norway, 
for the Scottish mountains do not rise to such heights and the 
glaciation was not so intense. 

These fjords are exactly the same as the glacial valleys we have 
already been studying, excepting that their floors happen to be 
beneath sea-level right to their mouths and so they have become 
drowned by the sea. Naerdyfjord (picture No. 35) is more than 
eighty miles by water from the open North Sea. 
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It is possible that the original pattern of these valleys, which very 
often is remarkably angular, may have been caused by geological 
reasons. Perhaps cracks or faults in the rocks encouraged pre- 
glacial rivers to make valleys in these directions. Then when the ice 
came, the rivers were replaced by glaciers in the same pattern. 

The glaciers deepened the valleys so much that for great distances 
the floors now lie far below the present-day sea-level. But the land- 
ward end of the fjord is not generally the head of the glacial valley. 
There is a normal U-shaped valley extending beyond the end of 


36. Profile across a fjord 
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37. Fjaerlandsfjoid seen from nearly a mile above 


most fjords. During glaciation, ice alone occupied these valleys, and 
the sea flooded them so far when the glaciers melted. 

Most fjords have the usual “‘down-at-heel’”’ profile, and they are 
consequently shallower near their mouths than farther inland. This 
is described as having a “‘shallow threshold’, and will be con- 
sidered more fully in the next chapter (see pages 63 and 64). 


Lateral Moraines 

A river can only move stones that fall into it if they are sufficiently 
small and the water is moving sufficiently fast. ‘The conditions are 
quite different with a glacier. Any rock, however large, that ts 
broken off the mountain-side, probably by freeze-thaw, and [alls 
on to the ice, is carried along with it. 

In the kind of climate that produces glaciers, freeze-thaw 1s 
generally very active, and so the sides of a glacicr are most often 
covered with heaps of shattered boulders. This material is called 
“Jateral moraine’. Picture No. 24. shows a line of dark boulders at 
the left edge of the glacier. This is the lateral moraine. ‘The same is 
seen on the far side of the tributary glacier in picture No. 39. When 
the ice eventually melts completely away, the moraine forms a 
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38. Lateral moraine and glaciated side wall in Aurlandsdalen, .Vorway 


39. The Gorner and Lower Theodul glacters join together near Zermatt 
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40. Medial moraine at the snout of Kongsnut glacier, Finse 


heap along the side of the glaciated valley, as is seen below the ice- 
smoothed walls in picture No. 38. 

It usually happens that the screes, formed by the valley-wall 
collapse that occurs when the ice melts (see page 26), cover the 
lateral moraines completely, so that they are not often seen. 


Medial Moraines 


When two glaciers join one another, they continue on their way 
side by side along the single valley they now occupy. Practically 
no mixing takes place. In this way a middle”or “medial moraine” 
is produced by the union of two of the laterals. The medial 
moraine appears as a ridge of boulders along the surface of the 
united glacier and is seen as a grey line in the middle of the ice in 
picture No. 24. There are several medial moraines on picture 
No. 39. One is in the middle of the tributary glacier and another 
is formed from the laterals where the glaciers meet. Picture No. 40 
shows a medial moraine at the snout of a glacier coming from the 
Hardanger ice-cap. 

These moraines are not only composed of rocks that have fallen 
to the top of the ice. Besides this, there is the broken material 
between the side of the glacier and the valley wall, the result of 
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erosion (see diagram No. 41). Lateral moraines therefore generally 
extend down the full depth of the glacier, and when a medial is 
formed it too generally has considerable depth within the ice. 
Picture No. 42 shows how much material a glacier may carry. 
The grey surface of the ice is a layer of finely ground rock and 
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42. A glacier with much clay and many boulders on its surface 


many boulders are scen in the foreground. The crevasses obviously 
let a considerable amount of rock fall into the interior of the 


glacier, and so the debris becomes embedded in the midst of the 
ice as the crevasses close again. 


Ground Moraine. Ice-smoothed Rock 


As it moves over its rock bed, the glacier plucks, grinds and 


43. Vertical layers of rock overturned by Windermere glacier 
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44. Ice scratches in rock on Ingleborough, Yo The hammer gives the size 


45. Ice-smoothed rock at Bowness, near Windermere 
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46. “* Roche moutonnée ”’ in Llanberis pass, Snowdonia 


drags pieces of rock away. Picture No. 43 shows how vertical layers 
of rock were bent over by the ice moving from left to right across 
the top surface. These rocks, on the eastern side of Windermere, 
were just about to be taken along in the bottom of the ice at the 
moment when it stopped moving, at the end of the Ice Ages. 

Some of the plucked rocks remain embedded in the bottom of 
the ice and often partly project. Sharp points on them produce 
scratches or “striations” or “striae” on the surface of the solid rock, 
floor. These lines are most often only a quarter of an inch or so in 
depth, and in picture No. 44 the faint white lines show that ice 
moved either from left to right or in the reverse direction. 

Besides scratching it, the glacier smooths the rock and produces 
the kind of surface shown in picture No. 45. This is a feature seen 
very often in all glaciated areas. The dark lines running across the 
rock are not striations but the result of later weathering. Grooves 
like these are very often mistaken for striations, which are by no 
means common. 


Plucking and smoothing gives rise to the landform known as a 
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“*roche moutonnée’’. Picture No. 46 shows this in the Llanberis Pass in 
North Wales, and the size can be judged both by the wall in the 
foreground and the telegraph pole seen behind it. The ice moved 
from left to right, smoothed the up- and plucked the down-valley 
sides. 

Very often a heap of boulders of all sizes accumulates on the lec 
side of a roche moutonnée, probably during the last stages of glacia- 
tion, when the ice is less active and plucking has ceased. This 
produces the upstanding, solid, ice-smoothed rock, with the long 
gentle incline of loose material, as seen in diagram No. 47. This is 





47. The crag and tail effect 


known as “crag and tail”, and the details of their formation are 
very closely associated with drumlins, which will be described in 
Chapter V. 
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CHAPTER IV 


The Terminus of a Glacter 


S the glacier slowly comes down from the high mountain 
levels, it moves into warmer regions and thaw commences. 
It is not casy for the surface of snow or ice to melt. 


Melting Ice 


It takes about as much heat to melt ice as it does to boil the same 
weight of cold tap-water. This heat does not alter the tempcrature 
and it is necessary to do the actual melting. It is called “latent 
heat’’. It is very fortunate that so large a quantity is required, for it 
slows down the rate at which snow or ice melts. As it is, rivers 
that are fed by meltwater from glaciers are always in full spate 
during the summer. If ice and snow melted more readily, very 
serious floods would result in the valleys below. 

Snow and ice also melt slowly for a second, quite different, 
reason. Radiant heat from the sun finds it difficult to get into the 
ice on which it shines. We find snow and ice so dazzlingly bright 
because they reflect most of the sunlight that shines down on their 
surface. In addition to this, they reflect about three-quarters of the 
arriving radiant sun-heat and absorb only the remaining one- 
quarter. 

When we walk on a glacier, we can be quite warm whilst the 
ice shows no signs of melting, even on a sunny day. We are gener- 
ally wearing dark-coloured clothing and so absorb the radiant heat 
from the sun and are warmed by it. In addition we receive some 
of the sun-heat reflected from the glacier, We are, ina way, warmed 
twice. 

The same effect occurs with the rocks on cither side of the glacier 
or any boulder that may be resting on it. ‘The rock absorbs the 
heat and is warmed. It then re-radiates the heat, but this time with 
a considerably longer wave-length. This is called “black” radiant 
heat, since the object that is radiating it is not actually glowing. 
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48. Ice thaws away from the rock 


49. The glacier surface is low at the sides 
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You can feel this kind of heat by holding your hand fairly near an 
electric radiator and switching it on. You can detect the black heat 
long before the element glows. 

Snow and ice can absorb black heat, and be warmed and so 
melted by it. Picture No. 48 shows the ice thawed away for more 
than a foot distant from a large boulder. It was melted by the 
black heat from the rock. 


The Side of a Glacier 


Picture No. 49 is of the edge of the Suphelle glacier which we 
have already seen in general in picture No. 23. The climber gives 
the scale. He is walking on ice. On his left is the rock side of the 
valley. Beyond him and on his right everything is ice. The skyline 
is the general level of the glacier, and one always has to come down 
quite a steep ice slope (on the right) when approaching the edge. 
Diagram No. 50 makes this clearer and shows how the re-radiated 
heat from the rock sides melts the ice nearby. A glacier always 
first melts at the sides. 

When walking on a glacier, after descending this slope to the 
edge, it is often still quite difficult to find a way off the ice, because 
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gt. Part of the glacier surface has collapsed into a tunnel in the ice 


it is also melted underneath at the edge itself. This is shown in 
diagram No. 50. 

This under-melting is a fact that has always to be borne in mind 
when walking on snow or ice. The ice may have melted beneath, 
even well away from the edge, and be tunnelled. If the roof is thin, 
this could give way under your weight and be very dangerous. 
Picture No. 51 shows places where the roof of a tunnel has col- 
lapsed in several places in this manner. 

These tunnels often appear at the snout or end of the glacier, 
as 1s seen in picture No. 52. The people on the left give the size. 
Meltwater is pouring out from this tunnel, the roof is becoming 
rather thin and unsupported, and a crevasse is already forming as 
the ice is about to collapse. 

Picture No. 53 is another photograph of part of the snout of a 
glacier, showing under-thaw and the partial fall of the ice above. 
Picture No. 54 was taken from inside one of these tunnels. The 
meltwater dripping from the ice roof can clearly be seen. 


The Glacter Snout 


The snout or terminus of a glacier is located where the rate of 
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52. An under-ice tunnel ends at the snout of Boyum glacier, Norway 


arrival of ice equals the rate of thaw. From the point where 
melting exceeded accumulation, the glacier has become smaller 
in volume. Eventually there is a quite definite place where 
the whole of the remaining ice melts. Picture No. 55 shows the 
termination of Kongsnut glacier, which comes from the Hardanger 
snowfield. The glacier occupies the whole width between the two 
mountains and diagram No. 56 explains the details of she picture. 
The ice thins out until it has all melted away. Picture No. 53 is a 
close-up of part of the snout of this glacier. 
. Blaaisen (pronounced: blah-eess-en), the Blue Ice glacier, also at 
Finse, comes from a snowfield, becomes a glacier between mountain- 
walls and then moves beyond the mountains on to a wide, flat 
area. Here it expands out into a great semi-circle of ice and is what 
is called a “piedmont glacier”. Picture No. 57 shows deep longi- 
tudinal crevasses formed because of the increase in width as it 
spreads. In the foreground there is meltwater and a small quantity 
of moraine. 
The near view of part of the snout of another glacier shows how 
much debris may be brought down. In this photograph (No. 58) 
almost all the ice is completely covered by finely ground-up rock 
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53. Underthaw at the snout of Aongsnut glacier, Finse 


54. From inside an ice-tunnel in the Boyum glacter 
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55. The snout of Kongsnut glacier 


and by boulders of all sizes. There is also the mouth of a tunnel in 
the ice. 

At the snout, all the morainic material the glacier was carrying 
falls to the ground. The meltwater streams are able to remove some 
by ordinary river processes and this is dealt with later on in this 
chapter. The remainder of the debris remains in great heaps as 
“terminal moraines’. 


Terminal Moraines 


Examples of a terminal moraine have already been noticed in 
picture No. 55. This shows a large area of moraine, which has been 
deposited annually during the last twenty years, whilst the glacier 
has been “retreating”, that is, whilst the position of the snout has 
gradually moved towards the mountains. 

The ice here is now on the whole melting just a little faster than 
fresh ice arrives, and so the net loss shows itself by the glacier 
slowly becoming shorter. If, for example, the ice moves forwards 
two feet a week and if a length of two feet two inches melts off the 
end in the same time, the position of the snout will move back two 
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56. Key diagram to picture No. 55 


57. The crevassed snout of a piedmont glacier 
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58. A\Moraine-covered glacier snout 


inches. Notice carefully that the ice itself docs not retreat, only the 
position of the snout does so. 

Almost all glaciers have been retreating for at least fifty vears or 
so. This is due to the fact that the climate is gradually becoming 
warmer. 

Picture No. 59 shows Blaaisen glacicr (see also picture No. 57) 
about half a mile away from the snout. The foreground consists 
of moraine which has been deposited only recently, perhaps within 
the last twenty years. It is still quite fresh and scarcely any vegeta- 
tion has yet taken root upon it. When a glacier is retreating, a 
series of moraines 1s built up, one behind the other. 

This same picture gives a good idea of the glacier as a whole, 
moving in from between the rock outcrops on the two sides. 

Picture No. Go shows the appearance of a terminal moraine 
long after the glacier has completely melted away. It is at Trins, 
south of Innsbiuck. The glacicry moved from right to left and the 
moraine marks the limit reached by the ice during a late stage of 
the glaciation. 

The glacier in the Windermere valley reached the Irish Sea 
for a long period, but as it gradually decayed, when the climate 
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59. A retreating glacier leaves a great spread of terminal moraine 


60. Trins terminal moraine, Austrian Tirol 
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61. The terminal moraine at the south end of Windermere 


became warmer, the snout slowly moved up-valley. It took many 
years for the glacier to shorten so much that it eventually ceased to 
exist, and it would be possible for terminal moraines to be found in 
any position along the whole length of the valley. However, main 
accumulations of debris are found at points where the snout stood 
for some years and material had more time to collect. The down- 
valley end of Windermere itself is one such position, and picture 
No. 61 shows a terminal moraine stretching across the southern 
end of the lake like a great embankment of stones of all sizes now 
grassed over. 


Tidal Glaciers 


Most glaciers terminate before they reach low-lying ground and 
the coast. In sufficiently cold climates, however, they may extend 
as far as the sea. These are called ‘‘tidal glaciers”, and generally the 
snout is in the form of a cliff of ice. The Dawson Lambton glacier on 
the Caird coast to the south of the Weddell sea, Antarctica, is one 
of this type (see picture No. 62). The photographer was over the 
crevassed snout and sections of it are breaking off, or “calving”, 
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and floating out to sea as icebergs (see also page 76). 
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In the case of tidal glaciers the debris eventually falls to the sea 
floor and no normal terminal moraine is formed. 

Although they have not melted completely away, tidal glaciers 
have generally thinned considerably by the time they are in con- 
tact with the water. Because of the fact that ice is larger than the 
same weight of water, it is lighter and therefore floats. One-twelfth 
of its volume is above water level in fresh water, or about one-ninth 
in sea water. This means that a glacier, on entering the sea, will not 
float off the bottom until the depth of the water is eight-ninths the 
thickness of the ice. A glacier goo feet thick will just float in water 
800 feet deep, with 100 feet of ice projecting. These figures vary a 
little with different glaciers and bergs, because the density of 
glacier ice is not always quite the same, depending on whether or 
not all the air has been driven out of it. 

The usual down-at-heel effect of glacial valleys is found in fjords, 
so that the present water depths become less as we approach the 


62. Icebergs breaking off the snout of a tidal glacier 
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open sea. At the place where the ice Hoated off the valley floor, 
glacial erosion ceased. There is thus a point near the mouth where 
the fjord is least deep, and this is known as the “shallow threshold” 
(see diagram No. 63). 
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63. A fjord has a shallow threshold 


















All fjords have shallow thresholds and they vary in depth from 
fjord to fjord. Each one was formed independently and its level 
results from the thickness of its own glacier. Diagram No. 64 
shows several of the fjords on the west coast of Scotland south of 
Skye. All have irregular floors and shallow thresholds. Loch Hourn 
has its at 300 feet below sea-level although a mile up-valley it is as 
deep as 600 feet. Loch Nevis has only 30 feet of water at its mouth 
with 500 feet farther in. Loch Morar has its threshold more than 
100 feet above the present sea-level with depths as low as minus 
1,000 feet within what has naturally become a lake. Each one tells 
the same sort of story. 


Glacial Meltwater 


The snout of a glacier is the place where the load ceases to be 
moved by ice and must continue by water-transport if it is to con- 
tinue at all. Terminal moraines are composed of the larger boulders 
and of smaller ones that have become jammed against them. The 
meltwater has so far been unable to move them. Because much ol 
the melting occurs at the sides of glaciers, streams of water flow 
along the edges of the valley between the rock and the ice. ‘They 
often remove lateral moraines and prevent the formation of ter- 
minal moraines near the valley-sides. Most terminal moraines 
therefore have gaps at cither end, as well as one or two inthe middle. 
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Kames 


Since most snouts have retreated up-valley during recent years, 
it is very common to find “abandoned” terminal moraines down- 
valley of the present terminus. Sometimes they have no gaps and do 
block the whole width of the valley. Then a lake accumulates 
between them and the existing snout. The meltwater streams pour 
into this lake. 


64. Fjords on the west coast of Scotland 
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65. Formation of kames and eskers 


As they do so, their speed is slackened and they deposit most 
of the load they are carrying. Deltas, called “kames’’, are built 
(see diagram No. 65). 

The sand and gravel of which they are composed is in layers, 
as are most stream-lain deposits. Some of the layers are horizontal, 
but others, which formed the front face of the delta, are quite 
steeply inclined. Picture No. 66 shows the quarried face of a large 
kame at Carnforth, north of Lancaster. The exposed face is eighty 
feet in height. Picture No. 67 shows another kame, this time near 
Trim, co. Meath, Ireland. Notice the steeply inclined beds. 

Kames may also be deposited at the mouths of glacial tunnels. 
Whilst a glacier is decaying as the climate becomes warmer, a stage 
is reached when the ice is more or less stagnant. This is called 
“‘dead ice’. As usual, there are crevasses. Meltwater from the sur- 
face falls down and in time thaws out a tunnel for itself through 
the ice that it meets. Pictures Nos. 52 and 58 have alrcady shown 
examples. 
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66. A section in a kame in north Lancashire 


67. Steeply inclined deposits in a kame 
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If the tunnel becomes full of water to the roof, considerable 
pressure is set up because the beginning of the tunnel (see diagram 
No. 65) is higher than the mouth. The water is forced along the 
tunnel by this pressure and travels much faster than it would with 
the same gradient in the open air as an ordinary river. This forced 
flow is exactly the same as the forced flow of tap-water through the 
town’s pipes, where the height of the reservoir provides the pres- 
sure. 

Moving at such high speed within the tunnel, the water can 
carry boulders that it would not normally be able to move. These 
boulders in time come out of the mouth of the tunnel at the glacier 
snout. Once in the open and also able to spread, the water moves 
much more slowly and so drops most of its load. 

A third type of kame is constructed when meltwater tumbles 
down a crevasse, which is wide enough at the bottom to let water 
through, probably into an ice-tunnel, but sufficiently narrow to 
trap most of the debris that is washed into it. When the ice eventu- 
ally melts, this heap of material is dropped to the ground as a 
somewhat disorderly heap of gravel. 

Sometimes a number of kames, of any type, are formed so near 
one another that they merge and produce what is called a “kame 
terrace’. 


Eskers 


Besides mounds of these kinds, another feature is found in the 
same localities. Picture No. 68 shows a ridge of sand and gravel 
snaking across the fields with occasional higher and broader parts. 
The two men in the distance are standing on one of these knobs. 
This kind of feature is known as a “‘beaded esker’’. Picture No. 69 
shows an esker half-drowned in Strangford Lough, south of Belfast. 
The enlarged portion at the right-hand end is a kame. 

These eskers, like kames, are composed of sand and gravel 
deposited more or less in layers. They often are the result of the 
under-ice tunnels becoming half choked with material the stream 
is unable to carry any farther. The esker is thus formed along the 
length of the tunnel behind the kame. When the glacier melts away, 
it is left in the shape of the tunnel’s path (see diagram No. 65). 

Other eskers are elongated kames. If the glacier decayed quickly 
to positions 1, 2, 3, 4, 5, etc. (see diagram No. 65), there would be no 
time to form more than a small delta at these points. This would 
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68. A beaded esker at Collessie, Fifeshire 


69. An esker and kame half-drowned by the sea 
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produce the embankment-like mound, and whenever the decay 
slowed down for a time a larger amount of debris would be deposited 
This would form one of the “beads” on the esker. 

There are quite a variety of other kinds of meltwater deposits, 
but kames and eskers are the most important. Sometimes the 
material is sand and gravel mixed, sometimes it is almost pure 
sand. Generally it varies from layer to layer—a reflection of the 
speed of the water-flow that deposited it. Gravel indicates a flow 
fast enough for the current to carry the sand farther on, and it is 
generally laid down during the summer, when the river is in spate, 
fed by the melting ice. In the spring and autumn, there is less 
melting, the outflowing streams move more slowly, and sand is 
deposited. 

Clay nearly always has been carried right away, and this is 
what often makes these deposits so valuable as concrete aggregate, 
in which the presence of clay would be a great disadvantage. 


CHAPTER V 


Sheet Ice 


HERE are two distinct types of ice sheets. Those that are 

formed on lowland plains due to separate glaciers from the 

surrounding mountains joining together and forming one 

more or less continuous cover. And those ice sheets that come 

into existence direct from the local snowfall. These are generally 
on plateaux and high mountain areas. 


Upland Ice Caps 


The great ice cap of Greenland is an example of this second type 
(see diagram No. 70). It covers more than three-quarters of the 
whole island and has an area of nearly seven hundred thousand 
square miles, which is more than eleven times the area of England 
and Wales. It is about two miles thick in the deepest part, which is 
rather to the east of the centre of the island, and it seems that the 
rock surface in much of these inner parts lies below sea-level, 
perhaps because the Earth’s crust has sagged under the weight 
of this huge mass of ice. 

At the edges, the ice is thinner and mountain summits often 
project up above it. True glaciers are formed, and as they move 
down steeper slopes in narrower paths, they travel rather more 
rapidly. 

Picture No. 71 (photographed in August), shows the largest 
ice cap still in existence in continental Europe. It is sixty miles 
long and up to twenty miles wide. It gives birth to a large number 
of glaciers, of which the Suphelle (see picture No. 23) is one. This 
ice cap is called the Jostedal (pronounced: yost-e-dahl) and is 
north of the Sognefjord. It is about 7,500 feet high in the centre, 
but probably less than 2,000 feet of this is ice. 

Diagram No. 72 shows the Vatnajokull in Iceland. The ice- 
surface contours show that it rises to more than 2,000 metres 
(= 6,600 feet) on what appears to be a mountainous area. The 
highest extensive ice area is a kind of broad ridge, linking Bardar- 
bunga with Kverkfjoll. The ice descends outwards from this area 
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70. Greenland is mostly covered by an tice sheet 
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71. Jostedalsbreen, the largest 1ce sheet in continental Europe 


and from another, connected, high area above 1,400 metres 
(= 4,600 feet) at the eastern end of the field. This probably masks 
a high land area beneath. Tiny “nunataks”, or exposed peaks ot 
rock, appear above the ice at Grimsvétn, and these are a clear 
indication of mountains almost entirely enveloped. Something 
like thirteen main glaciers, and many small ones, flow from the one 
ice sheet. 

One or two of the glaciers, such as Skeidararjékull and Skaftar- 
jokull, extend beyond the limits of the mountains and become 
piedmont glaciers. A pro-glacial lake, Graenalon, lies in a shallow 
rock trough between two blocks of ice. 

In Britain many of the more level upland areas, such as some 
of the Pennine Moors and the Meigneint Moors, in North Wales 
south-east of Snowdonia (see picture No. 73), had their own small 
ice caps during the Ice Ages, and many of the mountainous dis- 
tricts must have looked very much the same as picture No. 71 at 
that time. 

The largest present-day ice-covered area is the Antarctic (see 
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72. Vatnajékull in southern Iceland 


picture No. 74), where the area is something like five million square 
miles. It used to be thought that most of Antarctica was a con- 
tinent, but recent surveys have thrown some doubt on this, and 
it is now considered that the general level of the rock surface is 
largely below the level of the open ocean, and that the ice is so 
thick that it rests directly on this ‘‘sea floor’. The various mountain 
ranges that project through the ice may in some case be islands, 
rather than the higher parts of what would be continuous land 
area if all the ice melted. 


Floating Ice 


When either a glacier or part of an ice sheet reaches the sea 
without melting entirely, it rides on the sea floor until there is 
sufficient depth of water to float it. This has already been explained 
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73. High moorland south-east of Snowdonia 


74. Theron Mountains appearing like nunataks above the Antarctic ice sheet 
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75. Iceberg and thick pack ice in the Weddell Sea 


in connection with tidal glaciers (see page 62), and exactly the same 
applies when ice sheets reach the ocean. The shelf ice in Ross Sea 
and in Weddell Sea provides examples of this on a large scale. 
The Ross Ice Shelf has an area approaching 200,000 square miles. 
The seaward part has come off the rock floor and floats. It con- 
tinues to move slowly northwards, pushed by the ice behind it, 
always becoming thinner and thinner as it gradually melts away. 
When it is only a few hundred feet thick, pieces very often break 
off from the front edge and float away as icebergs. 

A berg is always a much more massive object than it appears, 
for we can only see the one-ninth part that is above the water level 
(see picture No. 75). The bergs drift with the ocean current and 
often travel hundreds of miles in the cold, polar water before they 
melt away entirely. 

Bergs are always formed in this way, and should not be con- 
fused with “‘ice floes”, which are much thinner pieces of ice, 
formed by the surface of the sea itself freezing. Salt water requires 
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a lower temperature than fresh to freeze it, but the climate is quite 
cold enough to do this in polar regions. 

Floes often break up into slabs sometimes quite small, but 
often a square mile or more in area. This is called “‘pack ice” 
(see picture No. 75). Most atlases contain maps that show the 
limits reached by pack ice, and in the Atlantic in the spring it 
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reaches as far south as Nova Scotia and Newfoundland on the west. 
Shipping routes between Europe and United States are moved 
southwards in the winter and spring, so as to avoid areas of ocean 
where ice is likely to occur and be a danger. 

Floating ice has a much more northerly limit on the east, because 
of the warming effect of the Gulf Stream Drift. 


Lowland Ice Sheets 


When the area of ice was at its maximum during the Ice Ages, 
the glaciers coming from, say, the Lake District, joined together 
as they passed beyond the valleys (see diagram No. 76). They filled 
the Irish Sea and forced all the water out of it. They covered the 
Lancashire coastal plain. As a great ice sheet, the material moved 
southwards, both along St. George’s Channel and across the 
Cheshire-Shropshire plain. 

The same kind of movement occurred on the eastern side of 
Britain. Scottish and Pennine glaciers moved eastwards towards the 
North Sea. Great masses of Scandinavian ice came into the same 
area and for at least part of the time the North Sea was filled 
with ice across its whole width. Boulders of Scandinavian rocks 
can be found in the morainic and outwash cliffs of north Norfolk. 


77. An erratic of Silurian rock perched on limestone 
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78. The movements of ice in England and Wales 


Similar ice sheets covered northern Germany, north and central 
U.S.S.R., lowland Sweden, the whole of Denmark, and filled all 
the Baltic. Probably all Canada and the most northern of the 
United States were similarly overwhelmed by ice. 


Indicator Erratics 


“Erratics” are boulders which have been moved by ice from 
their original position and later dropped, as the ice melted, in 
some new locality. They may have been moved a mere fraction of 
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79. A drumlin 


one mile or for several hundred miles. Picture No. 77 shows an 
erratic block of Silurian rock perched on a short column of lime- 
stone. This is one of a number of famous erratics at Norber on the 
south side of Ingleborough. The height of the pedestal indicates 
the thickness of limestone that has been weathered away from 
the remainder of the area since the erratic was deposited. The 
boulder is about five feet in height. 

Some rocks, mostly igneous ones, are unique in the sense that 
the particular variety is only to be found at one locality. For 
example, there is a special type of granite that only occurs on Ailsa 
Craig, a small island in the outer Clyde estuary. This rock is easily 
recognized by those who know it, and specimens have been found 
lying in the glacial debris, dropped when the ice melted, along 
almost the whole of the east coast of Ireland and the west coast of 
England and Wales from about Blackpool to Pembroke. Specimens 
have been found in the Cheshire plain. 

Several other areas have their own unique rocks also. By tracing 
these “indicator erratics’, it is possible to discover the main 
directions followed by the moving ice sheets. Diagram No. 78 gives 
a simplified indication of these routes for the later glaciations. 
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80. Drumlins half-drowned in Strangford Lough 


Although the ice moved generally southwards, it was often forced 
sideways, such as across the northern Pennines. 

Most of lowland Britain, north of a line through Hereford, 
Banbury and St. Albans, was covered by these ice sheets during the 
earlier glaciations. The later glaciations (see Chapter VIII for the 


81. A drumlin on the western side of Strangford Lough 
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sequence of events) did not reach so far. Their limits are also 
marked on diagram No. 78. 


Drumlins 


Besides a general smoothing of many of the irregularities on the 
pre-glacial rock surface, the ice bull-dozed and dragged away 
almost the whole of the original soil and carried with it a great 
deal of broken rock in pieces of all sizes from silt and clay to boulders 
tens of feet in diameter. 

One curious feature is found as the result of this. It is the ‘“drum- 
lin’, the Irish name for a small ridge. A drumlin is a smooth, oval- 
shaped mound up to a hundred feet or so in height and most often 
between half a mile and a mile in length. Picture No. 79 shows 
one at the side of the Duddon estuary, north of Barrow. Picture 
No. 80 shows a collection half-drowned in Strangford Lough, co. 
Down, and picture No. 81 shows the same from the ground. 

They are formed underneath the ice. Whilst the sheet is slowly 
moving over the countryside, there is a layer of broken rock, 
‘ground moraine’, between the ice and the solid rock floor. The 
filling of this sandwich, the broken material, has the choice of 
moving along with the ice or of remaining stationary with the 
solid rock. Which choice it accepts, is controlled by the relative 
ease of movement—whether it is easier for the ice to slide over the 
broken rock, or for the broken rock to slide over the solid floor. 

When there is a considerable amount of ground moraine, it 
often happens that there is less friction if the loose material remains 
more or less stationary on the ground. Other debris coming along 
then becomes caught up with what is already there and the 
great heap accumulates. It is “‘stream-lined”’, with its longer length 
along the line of ice movement and the ice sheet glides smoothly 
over it. 

There are all varieties of drumlins, from those which consist 
entirely of morainic material, to those which are in reality roche 
moutonnées plastered over with a thin layer of ground moraine. 

When the ice melts away, the drumlins are left as seen in the 
photographs. They occur on the plains, often in great clusters, 
such as in co. Down and in Yorkshire to the west of Skipton (see 
diagram No. 82), where the ground is almost entirely covered. 
This group contributed to the alteration in the route taken by the 
river Ribble. Before the Ice Ages, it is thought to have flowed to 
the south-east and joined with the river Aire (see diagram No. 83), 
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82, A swarm of drumlins near Skipton, Yorkshire 


83. River Ribble changed its route after the Ice Ages 
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but the drumlins blocked this old route when the area melted out, 
and the Ribble had to find a new way to the sea. It tumbled over 
the area to the north-west of the drumlin group, cut a gorge for 
itself, and found older rivers that flowed to the Irish Sea. 

Drumlins form fairly dry areas but are often too hard to plough. 
If the ice sheet came from limestone country, the moraine is often 
cemented together almost into a concrete. When they occur in 
clusters the roads have to wind their way between them. 

Drumlins are also found in the wider parts of glaciated valleys. 


Till 


When a glaciation comes to an end, the lowland ice-sheets, 
as well as the glaciers, cease moving and become ‘“‘dead ice’. 
Eventually they melt away, and whatever debris lay under, in or 
on the sheet falls to the ground to form an uneven covering known 
as “till”. The same deposit is often called “boulder clay”, but quite 
commonly it contains very few boulders, and sometimes it is so 
sandy that it has scarcely any clay. These variations depend mainly 
on the kinds of rock that have supplied the material for the till, 
and on how far it is from the mountains. 

As larger erratics are moved farther afield, they are ground ever 
smaller. At Lancaster many of the boulders in the till, which has 
mostly come from the Lake District, perhaps from about 15 miles 
away, are up to four or five feet in diameter. Near Liverpool, 
boulders larger than 18 inches in diameter are rare. In Shropshire, 
erratics, still from the Lake District, are scarcely ever larger than 
cricket balls. So the size progressively decreases. 

The typical characteristic of till, by which it can be distinguished 
from other deposits, is its unsorted character (see picture No. 84). 
It shows no signs of being in layers, as it would if it had been water- 
deposited, and the finest clay is mixed with quite large boulders in 
a completely disorderly fashion. 

Sometimes the deposit is two-fold in nature, with a marked 
absence of boulders in the lower portion, which is altogether finer 
and more compacted. This is the debris that lay under the ice, the 
ground moraine. The debris from higher in the thickness of ice, 
includes boulders of all sizes, and, as melting occurred, this fell on 
top of the ground moraine as an unsorted mass. 

This is the ground on which most of the farmers of Britain, 
excepting in the extreme south, have to work. The whole system of 
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86. Pickering 1s built on a gravel delta 


lowland agriculture is controlled by the small relief features and 
the soils that were produced by this glacial and meltwater de- 
position. When it is a true clay, the till is often a wet, cold soil, 
difficult to work. At other times it is much sandier and proves 
easy to plough. Near the mountains it is generally too stoney to 
permit the use of any kind of tool more than a spade and crop- 
farming becomes almost impossible. Picture No. 85 shows how 
attempts have been made in co. Galway to clear the ground by 
piling the erratics up into numerous walls. The same has been 
done in many parts of New England. 

Again the places where deposits of sand and gravel with little 
clay occur (see Chapter IV) are very favourable dry spots, cither 
for buildings, as at Pickering (see diagram No. 86), or for crops 
that require little moisture. 

It is very true to say that in one particular climate the farmer is 
very largely controlled by the physical geography of his land, 
and that he grows what he can, and not always what he wishes. 
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CHAPTER VI 
Melting Ice 


HE end of an ice age comes very slowly, but no one knows 

exactly the rate at which the climate became warmer and 

the ice sheets shrank smaller in Britain at the end of each 
of the individual periods of glaciation (see Chapter VIII). 

This backward movement of the position of an ice-front is often 
referred to as a “‘retreat’’. The word is very misleading, since it 
seems to suggest, quite incorrectly, that the ice actually moves 
backwards. What happens is that the ice melts faster than fresh 
supplies move forwards to replace the loss, and so there is a net 
shortage. Yard by yard more and more land becomes free from 
the permanent ice cover, and at the same time the remaining ice 
loses a considerable amount of volume by becoming thinner. The 
word “‘decay”’ is very much clearer than retreat. 

Many glaciers are today decaying in this same way, and we have 
already seen an area that has only recently been uncovered (see 
picture No. 55). In that instance, the snout is now retreating about 
20 yards a year. This seems quite fast, but it is only one mile in 
ninety years, and as the general ice sheets decayed in Britain they 
must have done so at a considerably more rapid rate. 


Pro-glacial Lakes 


Naturally decay is not regular. Just as now, some summers were 
not so warm as, whilst others were warmer than, the average. Besides 
this annual variation, some localities are naturally milder than 
others because of their exposed or sheltered positions. Further, the 
ice was thicker in some places and so required more melting. For 
all these reasons, the ice front at any particular time was quite an 
irregular line and its rate of decay varied greatly both from year 
to year and from spot to spot. 

When ice exposes ground that has been covered for several 
thousand years and river drainage starts once again, there are quite 
a number of “‘problems’’. The contours of the solid rock are altered 
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from the pre-ice surfaces. Deposits of ground moraine probably 
cover the surface with irregular mounds and choke the old river 
valleys. Drumlin fields may block a whole area as was the case 
with the Ribble (see page 82). 

If the pre-glacial rivers flowed northwards, the upper (southern) 
parts of the valley would be freed of ice while the lower (northern) 
parts were still occupied. In that case, the river water flows down 
the upper part of the valley and finds that the remaining ice 
blocks the old, pre-glacial route (see diagram No. 87). 


Lower valley 
still o¢cuped 
by ice 





87. Northerly drainage blocked by the remaining ice sheet 


The water therefore forms a lake in the hollow contained by the 
valley-sides and the ice front. It fills until it overflows at the lowest 
point of the surroundings. This produces an “‘overflow channel”, 
and the quantity of water is generally so great that the floor of the 
overflow is eroded quite rapidly. 

These glacial overflow channels are common features in all the 
glaciated hill-country of Britain. Picture No. 88 shows one about 
a mile south-west of Wooler, in Northumberland. It is cut across 
a ridge about six hundred feet high, and the channel is one hundred 
feet deep. 

A great many of the cols that cross various ridges in any glaciated 
country are such overflow channels. Normally they only carried 
through streams for a short time, and when the ice down-valley 
melted, the original route was re-opened, the lake drained and the 
overflow was abandoned. Lakes such as these, which remain in 
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existence only while the ice forms part of their boundary, are 
called ‘“‘pro-glacial lakes’. 


River Diversion 


Sometimes the streams that flow from the temporary lakes cut 
their channels so deeply that they are able to continue in the new 
direction even after the ice has completely melted away. 

The river Severn is a good example. Diagram No. 89, A shows 
an approximate reconstruction of the state of affairs before the 
Ice Ages. The Severn rose on Plynlimmon in central Wales, and 
flowed by its present course roughly to Shrewsbury. It then con- 
tinued northwards across north Shropshire and the Cheshire Plain 
to join the river Dee and enter the Irish Sea. At that time, the 
lower Severn was a much shorter river and was separated by a low 
ridge of hills from the Shropshire area. 

The whole of north Shropshire and the Cheshire Plain was 
occupied by the Irish Sea ice sheet, and when it had partly decayed 
it still completely blocked the way northwards. Because of this, a 
lake, known as Lake Lapworth, then came into existence as shown 
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89. The river Severn was diverted by the Irish Sea ice sheet 


in diagram No. 89, B. The water level rose until it overflowed at the 
lowest ice-free part, and the Ironbridge overflow channel was 
eroded by this stream (see picture No. 90). The gorge became so 
deeply cut that, when the ice decayed completely, the morainic 
mounds left across the Shropshire plain to the north were sufficient 
to force the Severn to keep to its new route permanently (see diagram 
No. 89, QC). 

This supplied a large amount of additional water to the old 
lower Severn and increased its eroding power so much that it cut 
deeply into its previous channel, especially in the Bridgnorth 
section. As the Severn dug itself in, the tributaries in this reach 
started to cut down to the lower level so as to correspond. All 
valleys in this neighbourhood are deep, with steep sides, as the 
result of this rejuvenation. 

Many other examples of temporary ice-blockage of old river 
channels could be quoted. A complex and permanent change of 
routes occurred on the northern side of the Hereford Plain. The 
Wye piedmont glacier blocked the routes of separate rivers that 
flowed through the gaps marked A, B, C and D in diagram No. 9! 
and forced them to unite and join the Lugg in its present course 
(see picture No. 92). 

In addition to this, the river Teme pre-glacially flowed south- 
wards to join the Lugg at Leominster. Its course was changed by 
the same piedmont glacier, whose terminal moraine near Orleton 
still prevents it from returning. 


Post-glacial Lakes 
Besides lakes that lasted so long as ice remained in existence to 
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form part of the bank, other lakes occur when a glacier or ice sheet 
decays. They mostly fall into one of three classes. 

There are shallow lakes which lie in hollows in the till due to 
uneven deposition. A number of the meres of Cheshire and north 
Shropshire are of this kind, and Holmer Tarn, north of Lancaster, 
is described and pictured in Rivers and Valleys on page 87. 

The second class contains those lakes which accumulate behind 
rock barriers. These are described in Chapter III and also are 
mentioned and pictured in Rivers and Valleys on page 83. 

The third class includes lakes that occupy rock hollows (see 
diagram No. 93). Most of the late-glacial lakes caused by the 
barriers have by now been drained away, because their out- 
flowing streams have cut trenches sufficiently deep through the 
barrier to let all the water out. The larger finger-lakes still remain- 
ing are almost all in rock hollows, the over-deepened parts of the 
valley. 

Picture No. 94 shows the Otztal on the south side of the Inn 


go. The Severn flows through an overflow channel 
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Wye Piedmont 





gi. Dry gaps to the north of the Hereford Plain 


valley in Austria. The post-glacial lake, which was originally 
created by a rock and moraine barrier down-valley, beyond the 
right of the picture, has been completely emptied. We get some 
impression of the amount of silt and other sediment that settled to 
the bottom of the lake whilst it existed. The perfectly flat floor 
amongst the high, steep, Alpine mountains is a very impressive 
sight. Roads and villages lie upon it, and the present river draining 
the area is on the extreme right. The district is rich farmland. 
Borrowdale, Lake District, is another valley which was for a 
time occupied by several lakes besides the present Derwentwater. 
The floor of lake Rosthwaite is seen in picture No. 95, and again 
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the contrast between a horizontal surface of lake silts and the steep, 
rugged mountain slopes is at once noticed. 


Coastal Norway 


There is a special effect which is found chiefly on the western 
coast of Norway. The high mountains come almost to the sea 
along most of the length of the coast, but in many parts there is a 
curious type of coastal plain. The general height of this plain is 
about two hundred feet above sea-level and inland of it the 
mountains rise steeply, often to two or three thousand feet. 

It appears to be a raised beach (see Beaches and Coastlines, page 105) 
and may possibly have been produced during the first interglacial 
when the sea-level was considerably higher than it is today. 

It was certainly in existence at least before the last glacial 
period, because the whole of its surface has been eroded by ice. 
The glaciers became piedmont as they came out of their valleys and 
spread over this plain. Unequal grinding has produced numberless 
hollows, so that the whole surface of rock now has a very hummocky 


92. The river Lugg in its present course 
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93. Rock-barrier and rock-hollow lakes 
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appearance. The lower parts are mestly lakes or inlets of the sea, 
and a great many of the higher portions are islands or are almost 
so. Picture No. 96 was taken just south of Bergen and shows a 
typical one of these sea-inlets with its scattered islands. Most of the 
islands with which almost the whole of the Norwegian coast is 
fringed were formed in this way, and they provide a dramatic 
example of what may be the result of erosion by piedmont glaciers. 


94. A drained rock-barrier lake 
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95. A drained lake in Borrowdale, Cumberland 


96. Islands and sea make a complex coastline to Norway 
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The Weight of Ice Sheets 


When a fairly large area has a heavy load upon it, either in the 
form of glaciers or of ice sheets, the weight is sufficient to dent that 
part of the Earth’s crust. This is called an “‘isostatic depression” 
and is explained on page 104 of Beaches and Coastlines. 

Where the ice was thicker, the depression was greater. The 
amount of the movement is not known, but in north-eastern 
Sweden, where the ice was at its thickest, the rebound since the 
last glaciation has been about 1,500 feet. This is still going on, 
although at a slowing rate, and it is thought there may be another 
500 feet of recovery still to be made before the sag is completely 
wiped out. It seems reasonable to imagine that the amount of the 
sag must have been something like the same as the extent of the 
recovery. 

Many Norwegian fjords show how various parts of the country 
have risen different amounts. Near the mouth of Sognefjord it is 
clear that the land has risen out of the sea about 150 feet since the 
general ice sheets melted away. Fifteen miles inland it has risen 
205 feet; at 70 miles, 400 feet; and at 85 miles, 455 feet. 

These are smaller amounts than in the Baltic, but the ice was 
much thinner (and so the depression less) in Norway. The figures 
show very clearly that as we go inland the recovery has been much 
greater than near the coast. This shows that, as we would expect, 
the ice must have been much thicker in the inner areas. Whilst the 
coastal areas are today free from glaciers and only experience a 
small snowfall each winter, the inland areas are still covered with 
ice sheets and have large numbers of glaciers, as we have already 
learnt. 


CHAPTER VII 


Beyond the Ice 


by ice has its own very special climate. It could best be 

described as tundra, where the summer temperature is 
above the freezing point and the ground is free from snow for a 
length of time that is sufficient to permit certain types of plants to 
grow. 

The next chapter describes the series of events that occurred 
during the recent Ice Ages. As the great ice sheets covered northern 
Europe, the arctic climatic zone expanded and all the others 
between it and the Equator became compressed. The tundra moved 
southwards to the south coast of England, to northern and central 
France, to central Germany, and so on. 

As these areas are farther south they lost one advantage pos- 
sessed by the present tundra zones. During the growing season in 
the far north, the hours of daylight are very long, and although the 
temperature is not high, there is little cooling during the brief, 
summer nights. This enables plants to grow more quickly than 
would be possible when the same temperatures existed in southern 
England. It is therefore likely that plant life would be even less 
successful than in the present tundra. 


Te belt of land near districts that are permanently covered 


Plants in Cold Regions 


We may imagine an area where there was a considerable amount 
of snow during the winter. It lay as a cover on the ground for more 
than half the year and before thaw came it would have reached 
several feet in depth. The blanket would protect the perennial 
plants on the ground beneath. 

Soon after the snow melted, perhaps in May, growth would 
begin again. Even then the plants experienced very difficult condi- 
tions. The cold of the ice sheet nearby might well cause strong 
winds to blow. These would be drying winds and so the plants 
lost a large amount of moisture. It is true that the ground was very 
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wet, often waterlogged, because, being still frozen at depth, it 
could not drain. Nevertheless, it provided very little nourishment 
to the plants, and they found it necessary to grow a great many 
roots in search of the precious food. These roots were all shallow 
ones, because it was useless to try to penetrate to the frozen sub- 
soil. 

It is not easy to find places where these conditions exist at the 
present time in exactly the same way, because all areas near to 
glaciers and ice sheets have been glaciated in the past and so the 
physical conditions of the ground are different. 

Picture No. 97 shows a general view of mountainous country 





97. Mountainous country near to ice sheets 


in an area that is still near to glaciers and ice shects. It is near 
Hallingskeid, central Norway, and the photograph was taken in 
mid-summer. About a quarter of the ground is still covered by 
snow. The rock basins carved by the past glaciers are occupied by 
lakes, and the whole area seems to be one of desolation when we 
look at it from this distance. 

Picture No. 98 shows a closer view of ground that has just been 
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g8. Meltwater pouring across morainic ground near Finse 


99. Ground, abandoned by ice, colonized by plants 
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abandoned by ice, and we may imagine that this is very like the 
more mountainous parts of Britain must have been as the ice 
retreated, excepting that British till is not usually so stony. This 
locality would be within about three miles of the ice front. The 
rivers flow across the area in full flood, fed by the summer melt. 

By the time the ice sheet has left an area for ten or twenty years, 
even though it is still covered by snow for more than half the time, 
a variety of plants have invaded the ground. It is very remarkable 
how soon they do this. Picture No. gg is such an area. The fore- 
ground is completely covered by grasses, sedges and various alpine 
and sub-arctic plants, such as the arctic willow (one of the world’s 
smallest bushes, no more than an inch high, but often forming a 
continuous carpet over the ground), the glacial buttercup, various 
saxifrages, and so on. 

All these plants are dwarf for they only have a short time to 
grow, flower and seed. Farther away from the ice, tall perennials, 
such as monkshood and various hawkweeds combine with heathers. 
This is still the alpine region, and it is beyond this, in the sub-alpine 
belt, that we find the first trees—-the birch. 

Picture No. 100 is at Riksgransen, near the Swedish frontier 
in the far north. This is just on the birch limit. A few clumps of 
trees are seen in the foreground, but the remainder of the area is 
clothed by the tall perennials and by grasses. 

It is necessary to move still farther away from the cold, into the 
cool temperate zone, before we meet the conifers—the pine and the 
spruce. 

The changes in vegetation as one walks up an alpine valley to the 
glacier snout are very impressive. If the level of the floor is fairly 
low, and the valley lies in a good direction to receive sunshine and 
heat, we start amongst farmland. In the summer, the cattle will 
be away up the valley, and the inhabitants of this lower portion 
will be occupied in producing hay and potatoes for cattle feed 
during the long winter, when the animals are indoors. A typical 
farm in Boyumdalen, north of Sognefjord, is shown in picture No. 
101. In the foreground are wooden racks on which hay is dried. 
They are called “‘hesje”. Behind are potatoes, and around the 
farmstead are hayfields, with the hesje laden. The mountain-side 
has coniferous trees becoming birch near the summit. 

Soon as we walk up-valley, we pass beyond cultivation to the 
mixed coniferous and birch woodland. The pines and spruces die 
out in a mile or so (see diagram No. 102), and for half a mile there 
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100. Tall perennials and a few birch at Riksgransen, Sweden 


ror. Farming in a warm, sheltered valley 
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102. Vegetation zones along the approach to a glacier 


are birch trees. They are not very large and soon become more 
widely spaced. Often many of them have been partly or wholly 
killed by frost. 

The birch dies out, and there are only grasses and sedges, 
mosses and lichens. Here is where we find the cattle in the summer 
months. They are feeding on the grasses that grow well here just 
for the short space of time. Picture No. 103 shows the summer 
“seter” in Boyumdalen. The cows spend the nights in some of the 
wooden buildings. The cow-keepers in others. There are no trees. 
At the head of the valley lies the glacier. In the last hundred yards 
or so, there is no vegetation at all. 

We can walk through this whole sequence in a little over an 
hour, and it is very striking how quickly and definitely we pass 
from one type of vegetation to another. Thinking in the reverse 
direction, this means that the climate quickly becomes warmer as 
we move away from. the glacier. 

We pass through the same sequence if we climb up the side of the 
valley. 


Dry Valleys 


Southern England, especially in the chalk areas of the Downs 
and Chilterns, and in the limestone areas of the Cotswolds, is 
famous for its “dry valleys”. Many of these have been formed by 
the retreat of escarpments as described on page 36 of Rivers and 
Valleys, but others owe their existence to the cold climate of the Ice 
Ages. 
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In those times, the ground just south of the ice sheets was frozen 
for much of the year, and so the rock, although it was chalk or 
limestone and therefore normally quite permeable to water, be- 
came for the time being completely water-tight. It remained in this 
condition at depth probably for almost the whole year, and melt- 
water or water from local rain flowed across the surface as ordinary 
rivers. This only lasted whilst the subsoil was frozen solid, and as 
soon as it thawed out the valleys became dry as we see them today. 


Frozen Ground 


This freezing of soil-water altered the nature of the ground in 
several different ways, besides making it temporarily impermeable. 

The surface generally thawed out during the summer and so 
freeze-thaw processes were very actively at work (see page 13 of 
Rivers and Valleys). Exposed rock was broken up by this action (see 
picture No. 104). 


103. Cattle are far up the valley during the summer 
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104. Rock broken by freeze-thaw weathering 


In the soil that already existed, the high proportion of water 
caused large expansion when it froze. The surface level was often 
raised into a number of domes or ridges by this ‘‘frost heaving’’. If 
any medium-sized stones were raised on the top of these higher 
portions, they slid down the icy slopes into the hollow between. In 
this way, the stones became concentrated in certain lines, and 
“stone polygons” and “stone stripes’? came into existence (see 
picture No. 105). 

We often see a simple example of frost heaving without realizing 
it. You will certainly have found that some gates jam on the path 
when you use them during a spell of particularly cold weather. Yet 
when it becomes milder again, the gate clears the path quite com- 
fortably as before. Nothing had happened to the gate. The ground 
under the path had frozen and expanded and so lifted the surface 
sufficiently for there to be no longer any clearance below the gate. 

An artificial embankment made of clay and used as part of the 
side of a small reservoir was surveyed during a spell of frosty 
weather. It was discovered that the top of the bank had risen nine 
inches above its normal height. This was entirely because the water 
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contained in the clay had expanded as it turned to ice. The bank 
returned to its usual level when it thawed out. 


Surface Thaw 


On the return of warmer weather, it is the top surface of frozen 
ground that thaws first. When the upper few inches have done this, 
and whilst the ground is still frozen below, the special conditions 
have several results. 

The most important is “‘solifluction”. If on a slope, the water- 
logged upper few inches of ground slide downhill on the frozen 
under-surface (see also Rivers and Valleys, page 25). This is a very 
common occurrence in areas just beyond glaciation. The effect on 
the surface is shown in picture No. 106. Some parts flow faster than 
others, which may be held by vegetation, and so the ground becomes 
hummocky. 

Solifluction was very widespread in the non-glaciated part of 
southern England and the loose deposits known to geologists as 
Head and as Coombe Measures occur in these areas. They are 


105. Stones concentrated into stripes by frost action 
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solifluction features. Picture No. 107 shows chalk boulders caught 
up in the flow which produced the Coombe Measures that now form 
part of the cliffs east of Brighton. 


Soil Flow 


Surface soil can sometimes be so filled with water that, although 
it appears to be quite firm as you walk across it in an ordinary 
manner, yet if you jump on the same spot a few times, the soil 
becomes so soggy and wet that it is a kind of quicksand, and you 
sink into it several inches. This is because the pressure has forced 
out the water that had been attached as thin films to the surfaces 
of the very fine particles. 

This kind of ground can become so heavy and fluid with the 
water, that the whole cover starts to slide slowly downhill if it is on 
a slope. It does so in one mass, without much disturbance of the 
vegetation growing on it, and picture No. 108, taken at Abisko, 
northern Sweden, shows several yards of soil and vegetation hang- 
ing over the rock bank of a river, like a cloth partly pushed over 
the edge of a table. 
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107. Solifluction deposits in cliffs east of Brighton 


108. Soil-flow can move the whole surface of a field 
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109. Frozen ground 1s disturbed by re-advancing ice 


Re-advancing Ice 


All the effects so far described occur near the edge of the ice 
sheet or the terminus of a glacier. The position of this edge is not 
permanently fixed in one place, and it may equally well advance or 
retreat. 

Most of the deposits, such as Coombe and Head, that indicate 
the past proximity of an ice sheet and can be examined, were 
formed whilst the ice was at its maximum or was retreating. No 
doubt the same kind of deposits are also formed in front of a slowly 
advancing sheet, for the same climate exists and there is plenty of 
time. But when they have been formed, they are destroyed as the 
ice moves over them and they become part of the ground moraine. 

Occasionally it happens, however, that an ice sheet may advance, 
or re-advance after a slight retreat, a little way over frozen ground 
that consists of some kind of loose deposit. Picture No. 109 shows, 
in a cutting, the result of this. The material is sand and fine gravel 
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which had been washed out of morainic material and had been 
deposited in a temporary lake. Later, whilst the ground was frozen, 
the ice re-advanced over it from right to left. It bull-dozed the 
deposit forwards, so that the layers, which had been straight and 
level, were folded right over in the pattern shown. Contortions of 
this kind in these deposits always indicate a re-advance of the ice, 
and are therefore very useful aids towards unravelling the glacial 
history of an area. 

Besides this, which is at Miltonbridge, near Edinburgh, good 
examples occur on the northern tip of the Isle of Man, in the cliffs 
south of Dublin, and in many places near the south coast of 
England. 


Loess 


During extensive glaciation, the climate may be fairly dry and of 
continental type, with strong winds. This is very likely to cause large 
amounts of the fine clay or dust in morainic deposits to be blown 
for some distance and be redeposited. This kind of material is 
found in many areas that were near to ice sheets. It is known as 
“‘loess’’. 

The accumulations are very irregular in thickness from point to 
point, and vary from nothing to more than 150 feet in many 
instances. They are mostly composed of fine silt-size grains, but 
usually contain some sand as well. The colour is often grey, but 
may be any shade of brown, orange or yellow. 

The deposits were formed during a glacial period and if two 
of these periods were separated by a warmer one, we may find two 
layers of loess with a band of weathered soil between, belonging 
to the interglacial time. Multiple layers of loess have occurred 
like this in many parts of unglaciated Europe, such as in central and 
southern Germany, and they have been very helpful in working out 
the sequence of events in the recent Ice Ages. 

Loess occurs near but outside glaciated areas and especially 
where there was a continental climate. Diagram No. 110 shows in a 
simplified form the places in Europe where loess has been found. 
As would be expected, it increases in amount eastwards as the 
climate becomes more and more continental. 

It is thought that some areas of loess have been found in southern 
England and it has been suggested that the deposit which geologists 
call Brickearth is, in fact, loess. 
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110. Loess®occurs near glaciated areas int Europe 


Very large deposits of loess are found in parts of China, but these 
are wind-blown from the Gobi desert and have no connection with 
anything glacial. The only similarity in the formation of the two 
types of loess is that they have both been brought by wind to the 
places where they are now found. 
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CHAPTER VIII 


The Ice Ages 


E have so far been thinking of the ways in which glaciers 

\ X | and ice sheets occur, move and die, and the changes that 
their presence produces on the landscape. Now we turn 

to the most recent great event in the Earth’s history—the Ice Ages. 


We must examine what is known about the sequence of episodes 
during that period. 


Counting the Years 


Historians often divide their story into large sections, which they 
call “‘houses’’, such as the Tudors or Stuarts, and into smaller parts, 
which they call “reigns”, such as the reign of Charles I. In exactly 
the same way, geologists divide their very long span of time into four 
eras. These are the pre-Cambrian, the Palaeozoic or ancient, the 
Mesozoic or middle, and the Cainozoic or recent. 

Each of these is subdivided into periods. For example, the 
Mesozoic is subdivided into the Triassic (most of the sandstones of 
the Midlands of England), the Jurassic (the limestones of the 
Cotswolds), and the Cretaceous (the chalk and many other deposits 
of south-east England). 

The last two subdivisions of the Cainozoic are the Pleistocene 
and the Postglacial. The Pleistocene is the period of the Ice Ages. 

It is very difficult in terms of years to say exactly how long the 
periods lasted. Various methods of dating are now used and some 
of them will be described in a moment. They are mostly very 
recently developed methods and the results must still be accepted 
with a certain amount of caution. Remembering, then, that the 
figures are only very approximate, they do at least give us some 
idea of the kind of length of time we are dealing with and a good 
idea of the positions of the chief events along this procession of years. 

The following are a few interesting figures. About 10,000 years 
ago the last small glaciers melted away in Scotland. Ice covered all 
the valleys and lowlands of Scotland about 16,000 years ago. The 
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Ice Ages started about 700,000 years ago, but the chalk of the 
Downs and Chilterns was formed as a deposit in the sea about 
100 million years ago, whilst the Cambrian rocks of North Wales 
are about 500 million years old. 

To try to get some picture both of the remote distance of the 
Cambrian and of the rather frightening nearness of the Ice Ages, 
we could make a little table, pretending that it is only twelve hours 
since the Cambrian rocks were formed :— 


mid-day . . . Cambrian rocks formed, 

9-30 . . . Chalk of the Downs, etc., formed, 

I minute to midnight . . . Ice Ages start, 

less than 1 second to midnight . . . last glaciers melt in Scotland, 
midnight . . . the present moment. 


Even then, the Gambrian rocks are not by any means the oldest 
ones known, and the age of the Earth, which is only known very, 
very vaguely, is at least four times as old as the Cambrian. We are 
now concerned with the last 700,000 years, that is, the last minute 
of our clock time-indicator. 


Radvwoactivity 


Naturally we wonder how all this dating has been done. The 
general ideas are fairly simple, but the actual examination of a 
specimen to determine its age requires very expert care and exact 
measurements, 

Uranium is present in most rocks although in very small quan- 
tities. It breaks down radioactively into lead. This is happening all 
the time, although very slowly, and by measuring the proportions 
of uranium and of lead produced from uranium, it is possible to 
calculate the age of a piece of rock. This is a method often used for 
dating igneous rocks. 

It is only suitable for measuring very long periods of time, because 
the uranium breaks down so slowly. About ten years ago, a similar 
method using carbon was devised. It is suitable for measuring the 
age of wood, peat and other remains of once living things not more 
than about 30,000 years old. 

Cosmic rays reach the Earth from outer space and convert some 
of the nitrogen of the upper atmosphere into a special carbon with 
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an atomic weight of 14 (ordinary carbon has an atomic weight of 
12). This special carbon combines with oxygen and becomes carbon 
dioxide. It is brought down to the ground in rainwater and there 
becomes part of the food of a plant or animal. The amount of 
carbon 14 compared with the amount of carbon 12 in a plant or 
animal is a definite proportion whilst it is alive. After death, this 
proportion alters, and the carbon 14 slowly breaks down into 
nitrogen again. The amount of the carbon 14 halves in about 
5,500 years. 

If we take a piece of old wood, say, and can find how much the 
proportion has changed, we can calculate how many years have 
passed since it was alive. 

This method is obviously useful for all sorts of purposes besides 
dating the organic remains in deposits of the late Ice Ages. It is 
used for dating the remains of pre-historic man and is proving to 
be very successful. 


Varves 


Everyone knows that you can find the age of a tree by cutting 
across the trunk and counting the number of rings. The same sort 
of method can be used with layers of silt washed into a lake. This 
gives the number of years the deposit took to form. Sometimes 
hundreds of layers can be counted in one lake floor. 

The separate layers, which are called “‘varves’’, vary in thickness 
as the weather controls the flow of the rivers entering the lake. By 
comparing sets of varves from different nearby lakes, it is often 
possible to fit them together and to find overlaps. So the deposits 
are linked in time, and the sequence is continued beyond the time- 
limits of the one lake. Diagram No. 111 shows measurements of 
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two sets of varves from different lakes. They are placed side by 
side so that they match, and each one continues the record beyond 
the end of the other. Two sets never fit perfectly, and much skill 
and judgment has to be used, as well as taking care to be sure that 
the varves do in fact each represent one year’s deposit and are not 
merely the result of a special flood. All sorts of methods are used 
to make sure of accuracy. 

Varves have been studied very closely in Sweden, where the 
large number of temporary lakes that existed as the ice sheets 
retreated give a good supply of material. An almost continuous 
record has been built up to go back about 17,000 years by this 
actual counting. 


Pollen Grains 


A further method is used for comparing the ages of different 
deposits of peat and soil. Pollen grains survive for thousands of 
years, and by extracting them from a sample it is possible to 
examine them under a microscope, identify the kinds of plants to 
which they belong and count the numbers of each kind. 

In this way, a good idea of the kind of vegetation that was 
growing at the time can be obtained. This indicates the climate. 
Most plants are very sensitive to changes of temperature, and we 
have already seen that birch will grow in a colder place than pinvs, 
and so on. 

This method of “‘pollen analysis” has to make allowances for 
the position of the place where the sample was obtained. If the 
locality was particularly exposed to cold winds and the like, or was 
high, naturally it will reveal a type of vegetation suitable for that 
position. Pollen analysis does not give the date in years, but com- 
pares one deposit with another in the same district and same kind 
of position, and with skill it is possible to put any particular group 
of samples in their right places in the sequence of events. It gives 
the order of events, rather than the actual number of years they 
took to occur. 

The method is very useful for deposits not more than about 
16,000 years old, and from it we have learnt not only the relative 
ages of many individual silts and peats, but also a great deal about 
the changes in climate in late and post-glacial times. 
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These various methods of measuring time are very tantalizing to 
glaciologists. The uranium-lead method is only suitable when we 
wish to measure in millions of years. The carbon 14 method has a 
maximum useful limit of about 30,000 years, and the others are for 
even shorter lengths of time. What we require is a way of measuring 
up to about one million years, and maybe in a few years’ time 
someone will discover how this can be done. 

Nevertheless, from all kinds of indirect methods, we have a 
pretty good idea that the Ice Ages started about 700,000 years ago. 
The whole of the Earth’s surface was cooler at the same time, and 
there were ice ages in North America as well as in Britain and 
Europe. Wherever there is ice today in the world, there was more 
during the period of the Ice Ages. Mount Stanley in the Ruwenzori 
mountains of Uganda is about 25 miles north of the Equator. The 
height of the peak is about 17,000 feet, and today snow and ice cap 
it and reach down to 14,000 feet above sea-level. During the Ice 
Ages, the corresponding height was about 6,500 feet only. Although 
the Equator had no “‘ice age’’, it did experience a cooler climate 
than it has at present. 


American Ice 


In America, ice started to accumulate in the higher, northern, 
colder areas and then gradually it spread. It radiated from several 
centres as great ice sheets and eventually covered the whole of 
Canada and the northernmost of the States. From time to time, 
one centre, such as, perhaps, the Labrador plateau area, became 
more active than the others, and so its ice spread farther than usual. 
The “‘push-of-war” between ice from different areas often moved 
the junction between two sheets some distance one way or the other. 

The Ice Ages began and ended very slowly. Animals, previously 
living in the areas that eventually became covered, would scarcely 
notice any changes in their individual lifetimes. But it was not just 
a simple, single cooling for several hundred thousand years and 
then a warming up. There were several separate glacial periods in 
the Ice Ages. 

In America, four glaciations are recognized. They are called 
the Nebraskan, the Kansan, the Illinoian and the Wisconsin, from 
States where their till is best preserved. Between the glacial times, 
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the climate became sufficiently warm for all the ice to melt away, 
excepting perhaps in the far north and in the highest mountains. 
Each time, the ice started again as separate ice sheets and expanded 
to become one continuous cover. 

South of the glaciated area, the conditions were very similar to 
those described in Chapter VII. The coastal plains were several 
miles wider than they are today, since the sea was more than 300 
feet below its present level. ‘This is because so much water remained 
on land in the form of ice sheets that the oceans were correspondingly 
short. This type of change of sea-level is called a ‘“‘eustatic” change. 
Eustatic changes are naturally world-wide, and cannot be local. 

At the end of each glaciation the position of the ice front gradually 
retreated northwards. Shallow hollows already existed where the 
Great Lakes now lie, and as the southern parts were slowly exposed 
temporary lakes were formed. They were bounded on the north 
side by the ice and on the other sides by higher ground. Diagram 
No. 112 shows one stage in the decay of the last glaciation. 

The normal drainage to the Atlantic was still blocked by ice 
and the two lakes shown in the diagram were forced to drain 
southwards by temporary overflow channels to the Mississippi. At 
one stage Lake Maumee drained by the Wabash river, but later, 
when the ice was exactly as shown on the diagram, this route dried 
up in favour of an easier one along the ice front by the Grand river 
to the southern half of what is now Lake Michigan. 

As the ice continued to shrink, larger areas of the hollows became 
exposed and all kinds of different overflow channels came into 
action one after the other. The lakes themselves varied very greatly 
in shape and size according to the position of the ice and the water- 
level at each moment. Eventually, when the ice left the St. Lawrence 
valley, that drainage route was restored and finally the lakes reached 
their present pattern. 


European Ice 


The two main centres of glaciation on continental Europe were 
Scandinavia and Switzerland-Austria. The latter really amounted 
to an enlargement of the conditions that still exist in the Alps, 
where, like Scandinavia, it might be quite true to say that the Ice 
Ages are not by any means completely finished. 

Five separate glaciations have been found in the Alps, but only 
three are known definitely in Northern Europe—the other two 
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112. Ice sheets alter the Great Lakes 


almost certainly occurred, but the “‘clues”’ belonging to the older 
glaciations are very confused with one another and so far they have 
not been disentangled. 

Diagram No. 113 gives the names of the European glaciations 
and connects them with the corresponding periods in America. 
The names of both the Alpine and the northern European ones 
come in alphabetical order, which makes them a little easier to re- 
member. 

In every case the northern centre was in Sweden rather to the 
east of the highest mountains and diagram No. 114 shows the areas 
covered by each of them. The individual ice age would begin as 
valley glaciers in the mountains (see diagram No. 115, A). As these 
grew, those between two ridges would enlarge to join and fill the 
valleys between (B). Continued fall of temperature caused further 


117 


GLACIERS AND GLACIATION 














| | 
| | IN NORTHERN IN NORTH 
IN BRITAIN | IN THE ALPS | EUROPE AMERICA 
The most recent 
Newer Wiirm Warthe, etc. Wisconsin 
Older Riss Saale I}linoian 
5 Mindel Elster Kansan 
9 Giinz ? Nebraskan 
és Donau | ? ? 
The oldest 


113. Reference list of the separate Ice Ages 


ice-growth to overtop the lower mountains (C) and the ice sheet 
also by then covered the lowlands. Finally, at the maximum 
stage, even the highest ranges were covered (D) and the thickest 
part of the sheet and the centre of the ice dispersion moved east- 
wards nearly to the coast of the Gulf of Bothnia. 

Before the Ice Ages, the Rhine flowed northwards by way of 
the Zuider Zee across the floor of what is now the North Sea to 
the Atlantic, north of Scotland. The Thames was a tributary and 
flowed, not by its present London route, but by a parallel one 
farther north along the Vale of St. Albans, as shown in position 1 
in diagram No. 116. 

During the Elster glaciation, however, ice filled the North Sea, 
and Britain was covered so far south that the St. Albans route 
became blocked and the Thames was forced to take a more 
southerly one through Finchley and Epping (route 2). At the 
same time, the ice prevented the Rhine from flowing northwards. 
Instead, it turned west, left the Netherlands by its present mouth 
and cut or enlarged the valley that has now become the Straits of 
Dover. Almost certainly the Finchley Thames turned southwards 
and joined it. Owing to water shortage, the oceans were at that 
time about 300 feet below their present level and this makes most 


of the English Channel dry land. 
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After a warm period, when most of the ice melted, there came 

the next glacial age, the Saale. This ice moved so far south that 

the Finchley Thames became plugged with ice entering its valley 

from the North Sea end, and the river was forced to move almost 
to the position it occupies today (route 3 on diagram No, 116), 


The Wiirm 


The last glaciation was the Alpine Wiirm. There is no general 
name for it in northern Europe, but it is referred to as the Newer 
glaciation in Britain. It is divided into Wurm I and Wirm II, 
with a brief interglacial period between, during which quite 
probably a moderate amount of ice remained in existence. As 
Wirm II finally melted away, it gave two small dying kicks. So, 
in all, this is divided into three:—Wirm Ila, the first stage, and 
Wirm IIb and c, which are the two slight re-advances. 

Diagram No. 114 shows the positions of the ice margin during 
the maximum of each part of the Wiirm and table No. 117 gives 
the local names used in northern Europe and Britain for each stage. 
These will be useful for reference. 


114. European areas covered by ice sheets 
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115. An ice sheet develops gradually 


Results in Britain 


In Britain the surface of the till left by the Older glaciations is 
very different from the later deposits which were the debris from 
the Newer or Wirm glaciations. The Older till surface is every- 
where altered as the result of erosion by rain and river since it was 
deposited by the melting ice sheets. It shows very few signs of 
distinct glacial surface forms, such as drumlins and so on. 

The Newer drift, on the other hand, has a topography which 1s 
obviously ice-moulded. There are long smoothed ridges, drum- 
lins, moraines, eskers, kames and the rest—all in almost fresh con- 
ction. This sudden and complete change in the character of the 
landforms can be seen on any journey from, say, London to either 
Lancaster or York. The Newer glaciation in Britain has been 
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116. The Thames and the Rhine were diverted by the North Sea ice sheet 


117, Reference list of the subdivisions of the Wiirm glaciation 
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WURMI- 7? |WURMTa- 
Main Irish Sea Scottish 
Glaciation re-advance 





divided in the same way as on the continent, and the British names 
are given in table No. 117. 

The Main Irish Sea glaciation (see diagram No. 118) reached 
the Midlands only down the Severn valley and from Wales. On 
the eastern side of the Pennines, ice spread along the Vale of York 
to a point a little south of York itself, and some ice reached the 
east coast as far south as Norfolk by making a great sweeping 
movement on the North Sea (then full of ice). 

In north-eastern England, ice from the Cheviots, the northern 
Pennines and also even from the west Southern Uplands and Shap, 
approached the Cleveland Hills and North Yorkshire Moors. 
These reach 1,500 feet in a few places and large areas are above 
1,000 feet. The ice failed to overtop them (see diagram No. 119). 

During the summers and at the beginning of the retreat stage, 
meltwater filled the heads of the river valleys on the northern side 
of the Moors and made a number of lakes with lake Eskdale linking 
them together. There was no way out for this water until it found 
a southward-sloping river valley that already existed towards the 
eastern end. This had cut nearly across the moors, and so, when 
the water-parting at its northern end had been successfully 
breached, it became a great overflow channel, probably the 
longest in the country. It is now called Newtondale, and the delta 
built at its mouth has already been seen in diagram No. 86. 
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118. Stages in the last glacta- 
tion in Britain 
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As a result of rocks of different resistance, rivers had already cut 
the wide valley which is now called the Vale of Pickering. Ice 
blocked both ends of this, as marked on the diagram, and it 


119. Temporary lakes in North Yorkshire 
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About 9000 B.C. 


120. The Baltic story— 


became lake Pickering. This found an overflow out across the Wolds 
at Kirkham. 

Many other temporary and permanent changes were made in 
the river pattern in various parts of the country. Lake Lapworth 
(see page 8g) dates from this period. 

After most of the ice had melted, the climate once more became 
cooler and the final major cover spread over the whole of Scotland 
and came on to the Carlisle Plain. This was Wiirm IIa or the 
Scottish re-advance (see diagram No. 118). Probably there were 
valley glaciers in the Lake District and Wales. The northern half 
of Ireland was covered. 

As this ice decayed, there were the two final kicks already noted. 
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stages A and B 


The Highland re-advance (Wiirm IIb) extended almost exactly 
over the whole of Scotland and a tongue of ice just reached the 
north Antrim coast. Wiirm IIc produced small valley glaciers in 
the Scottish highlands and perhaps cirque glaciers in the Southern 
Uplands, the Lake District and Snowdonia. 

The ice melted away and the Ice Ages were over. 

Or were they? Perhaps we are now living in an interglacial and 
not in the post-glacial period! No one knows! 


The Baltic Story 


At the stage we have called Wiirm IIc, the Bothnian ice covered 
the area shown in diagram No. 120, A, which is the same as part 
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About 6000 B.C. 


121, The Baltic story— 


of diagram No. 114. At that time, sea-level for the whole world 
was still considerably down, because of the quantity of ice still in 
existence. Consequently much of the floor of the southern part of 
the North Sea and the Baltic was land. 

At the same time, the Scandinavian and Finnish parts of the 
crust were still very much dented in because of the weight of the 
ice that had been on them. 

Meltwater accumulated in what is now the southern Baltic. 
Parts of the coasts of south-eastern Sweden (Gotaland) were 
drowned. The low sea-level left Denmark and Gotaland joined by 
a land-link. This made the “Baltic Ice Lake’’. The only connection 
between the Baltic area and the North Sea was by an ice-edge river 
in northern Gotaland. 
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stages C and D 


About a thousand years later, the Bothnian ice had shrunk 
sufficiently to leave a wide gap where lake Vaner now lies, and so 
there was a direct sea connection. The lake became a sea, the 
‘““Yoldia Sea’’ (diagram No. 120, B). This is the name of a saltwater 
mollusc which lived in this sea, but which is now only found in 
Arctic waters. Clearly it was still cold at that time. 

The present water route between Denmark and Gotaland was 
still dry, because of the low sea-level. Since the Scandinavian- 
Finnish areas were still recovering from their depression and 
gradually rose, the floor of the Vaner sea-connection came out of 
the water and once more the area was cut off from the North Sea. 
The lake was formed again, this time called the “Ancylus Lake’, 
named from another mollusc which lived in it, but a freshwater one 
(see diagram No. 121, C). 
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The lake drained to the sea by rivers that flowed across north 
Gotaland and also between Denmark and Gotaland (now The 
Sound). As north Gotaland continued to rise, whilst The Sound 
scarcely altered its level at all, the northern outlet eventually 
closed and the only way for the water was by The Sound. 

The fourth and final stage in this sequence is the “‘Littorina Sea”, 
shown in diagram No. 121, D. The change from the Ancylus lake 
occurred because of the further rise in sea-level as more and more 
ice melted, and water was returned to the oceans. Littorina is the 
name of the periwinkle, a saltwater snail which requires a much 
milder climate than does the Yoldia. 

The Littorina sea gradually shrank a little and became the 
Baltic, whose outline is shown on all the diagrams Nos. 120 and 121. 
It is smaller than the Littorina sea because the land still recovered 
(and is still recovering) from its depression, and so rose a little out 
of the water. This did not occur on the south coast of the sea, 
because the land there has scarcely altered its level, as we have 
already noticed. 

We have been trying to understand the complex history of more 
than half a million years. A story of four or five great events, when 
northern and Alpine Europe were repeatedly overwhelmed by ice 
and then uncovered. Four or five times, history has almost exactly 
repeated itself. Today we see on the ground all the relics of those 
events confused together. And we have to try to sort them out. 
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